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THE LASALLE OSSUARY:

AN OSTEOLOGICAL ANALYSIS

I

Cheryl Lee Puskarich, M.A.
Western Michigan University, 1982
An ossuary consisting of 53 individuals from the single
component, Late Woodland Wolf Phase s ite of LaSalle in northern
Ohio is analyzed with respect to paleodemography, paleopathology,
and metric and non-metric variants.

Because of the small sample

size, a lim ited amount of paleodemografrhic information was obtain
able.

I t was determined, however, that approximately 32 adults

and 21 subadults were present.

Of the 21 sexable mature specimens,

61.9% (13) were ascertained to be males, while 38.1% (8) were class
ifie d as females employing the femoral shaft circumference tech
nique of Black.

Postcranial lesions most frequently observed were

diagnosed as resulting from trauma (fractures and breaks), non
specific infection (p e rio s titis ) and degenerative processes
(a r th r itis ).

Dental caries, antemortem tooth loss, abscess fo r

mation, and plagiocephaly accounted fo r a ll observed cranial path
ologies.

Metric and non-metric variables of the cranium as well

as the postcranium were recorded.
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INTRODUCTION
The LaSalle site (33-W0-42) is a single component archaeologi
cal site located in Wood County, Ohio.

In itia l excavations were con

ducted in 1978 under the supervision of Dr. David M. Stothers of the
University of Toledo.

Based on the artifactual assemblage, Stothers

(1980) has dated this site to approximately A.D. 1250-1450, placing
i t within the Late Woodland Wolf Phase.

This temporal placement is

in agreement with the temporal range suggested by Fitting (1970) for
Wolf Phase populations.

A carbon 14 date has not yet been obtained

for the LaSalle material.
The geographic distribution of Wolf Phase peoples includes
southeastern Michigan, extreme southeastern Ontario, and the Sandusky
Bay and Maumee Valley regions of Ohio.

Other sites assigned to the

Wolf Phase include the Wolf and Weiser sites in southeastern Ontario,
the Wolf site in southeastern Michigan, and the MacNichol, Williams,
Harmeyer, Muddy Creek, Bloom, Pearson, Heckleman, and Mixer sites of
northern and eastern Ohio (Stothers and Pratt 1980).
Most Wolf Phase sites, including LaSalle, have been identified
and temporally positioned based on the occurrence of Parker Festooned
pottery styles (F ittin g 1970; Stothers and Pratt 1980).

This ceramic

tradition was originally diagnostic of the Mississippian Pattern and
culturally associated with the Iroquois Indians of North America.
However, according to F ittin g , "some of the e a rlie r applications of
the Midwest Taxonomic System placed a ll Iroquoian materials into the
1
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Mississippian Pattern" and "since then, the basic Woodland nature of
the Iroquois cultural sequence has been reaffirmed" (1970:158).
In a recent report, Stothers and Pratt (1980) proposed an
alternative, more detailed explanation of the Wolf Phase problem
based solely on archaeological evidence.

They suggest that the Wolf

Phase generally represents an Upper Mississippian Wolf manifestation
whose members originated in the Sandusky Bay region of Ohio Ca. A.D.
1300.

Furthermore, these indigenous Wolf Phase populations expanded

into northwest Oh.io, southeast Michigan, and southwest Ontario as a
result of increasing demographic pressures, coupled with a s h ift in
settlement-subsistence a c tiv itie s from s tric tly hunting and gathering
to systems in which agriculture supplemented the previous hunting and
collecting a c tiv itie s .

Stothers and Pratt (1980) further suggested
**■

■

the Wolf Phase expansion resulted in the withdrawal of those peoples
indigenous to the area prior to A.D. 1300, the Late Woodland Western
Basin Tradition peoples.
An ossuary located in the northwestern corner of the LaSalle
site (F9,BF1: see Figure 1) is the subject of this study.

This burial

consists of the skeletal remains of approximately 53 individuals to
gether with associated a rtifa c ts .

An analysis of the artifactual

assemblage w ill not be attempted in this report; however, a listin g
of such material is presented in Appendix A.
Of the 53 individuals identified in the LaSalle ossuary, 32
were adults and 21 were subadults.

The general, overall preservation

of the specimens ranged from poor to re la tiv e ly good.

Most long bones

were in good condition, while the cranial remains were fragmentary.
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The use of secondary interments or ossuaries was a cultural
phenomenon of late prehistoric and early historic times, practiced
by those individuals inhabiting the Great Lakes regions of North
America and the southeastern and Mid-Atlantic sections of the United
States (Ubelaker 1974).

An ossuary, as defined by Ubelaker, is "the

collective, secondary deposit of skeletal material representing
individuals in it ia lly stored elsewhere" (1974:8).

The following is a

descriptive account of the ossuary practices of the Huron peoples made
by Jean de Brebeuf in 1636:
. . . every ten to twelve years, the Huron journeyed to their
temporary burial areas and carefully removed the skeletons,
with each family being responsible for its own deceased
relatives. The decayed remains were then cleaned, wrapped
in fresh robes, and brought to the site chosen for reburial.
The Huron excavated a deep, circular ossuary, outlined i t
with beaver robes, and then erected a wooden platform around
i t . At the time of deposit, the skeletal remains were grouped
according to the villages and families to which they belonged,
wrapped tig h tly in robes and blankets, and hung from the p lat
form. Copper kettles and necklaces of shell beads were added
as mortuary offerings. Later, a fte r extensive feasting, the
Huron emptied the skeletons into the p it, saving the robes and
blankets they were wrapped in. After the bones were arranged
by men with poles, they were covered with robes, mats and bark,
and the remainder of the p it was f ille d with "sand, rods, and
stakes of wood which were thrown in promiscuously" (Ubelaker
1974:8).
P a rtia lly due to the succession of cultural events described in
the above paragraph, an osteological analysis of an ossuary burial is
d iffic u lt and limited in a number of respects.

Anderson (1963) ques

tions the va lid ity of a quantitative description of a group of people
based on ossuary material.

He cites the following "inconsistent fac

tors":
1) The relationship of the ossuary to the population from
which i t was derived. Is i t the only burial area? Was any
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type of selection used in burial practices? How long a
period of occupation does i t represent? 2) Completeness
of sample. How completely were the primary burials exhumed
prior to transfer to the ossuary? Was there disturbance of
the ossuary a fter burial? What error might result from
selective damage of parts of the skeleton? 3) Association
of individuals. Age and sex determinations are quite un
reliable when based on single bones or fragments, and i t
is impossible to associate the bones of each individual with
each other (1963:30-31).
This viewpoint has also been recently expressed by Katzenberg and
White (1979) in an analysis of the innominate bones from the
Ossossane ossuary.
These factors do exist and must be taken into consideration.
However, the amount of biological information recoverable from ossuary
burials has greatly increased in recent years primarily due to the
current research being conducted in the area of aging and sexing
techniques applicable to individual specimens (Acsadi and Nemeskeri
1970; Black 1978a; Kerley 1965; Kerley and Ubelaker 1978; McKern and
Stewart 1957; Phenice 1969; Schranz 1958; Sundick 1972, 1977, 1980;
and others).
In many cases, the only available biological information about
a population is the ossuary material.

Although the results derived

from such an analysis are lim ited, they cannot be overlooked.

Osteo

logical analyses offer a means of acquiring valuable information con
cerning the general health conditions, d ie t, economy, overall adaptive
success, and biological relationships between populations as well as
individuals.
Determining accurate age and sex distributions is essential in
establishing the paleodemographic pro file of a population based on
human skeletal material.

Through a consideration of a group's v ital
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statistics (e .g ., age and sex distribution, li f e expectancy, m ortality
ra te , e tc .) information reflecting the overall adaptive success of the
population may be obtained.

The accuracy of the methods employed in

the paleodemographic analysis is c r itic a lly important and w ill subse
quently influence the accuracy and r e lia b ility of the results obtained.
The preservation condition of the specimens can also have very pro
found effects on the accuracy of analysis.
Valuable information reflecting the health status, economy,
and diet of individuals as well as entire populations can be acquired
via an examination of the pathological conditions expressed in a
skeletal sample.

Paleopathological analysis is not only useful in

ascertaining the general health conditions experienced by a group,
but also further enhances our knowledge of the geographic distribution
of diseases in the past.
Biological comparisons of populations which are temporally and
geographically similar provide a means whereby the genetic distance
between groups can be established.

Traditionally, metric variants of

the cranium have been extensively employed.

At present, however,

there appears to be a controversy in the litera tu re as to whether
metric or their counterparts, non-metric, attributes are better
genetic markers (Berry and Berry 1967; Carpenter, 1976; Corruccini
1974, 1976).

The extent to which environmental stresses may affect

the expression of these variants is a matter of debate.

In general,

the expression of morphological or non-metric tra its appears to be
influenced by age and other external conditions.

Very l i t t l e research

has been conducted concerning the effect of the environment on the
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expression of metric variants.

Specimen completeness is necessary i f

the fu ll value of metric analysis is to be obtained.

Biological dis

tance analyses can be very useful in helping to solve past as well as
present archeological problems.
The primary purpose of this thesis is to present as complete a
picture as possible of the biological nature of the individuals repre
sented in the LaSalle ossuary.

In Chapter I , the paleodemographic

characteristics of the population w ill be presented.

Included w ill be

sections dealing with the estimation of the number of persons repre
sented and age and sex distributions.

Chapter Ilw ill be devoted to

the paleopathological conditions observed in the collection.

Metric

and non-metric information w ill be presented in Chapter I I I .

A ffin ity

relationships could not be assessed as a result of small sample sizes.
Although a genetic distance analysis was not conducted between LaSalle
and other temporally and geographically similar populations, i t is
hoped that the information presented in Chapter H I w ill fa c ilita te such
analyses in the future.
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CHAPTER I
PALEODEMOGRAPHY
Introduction
Information reflecting the v ita l statistics ( i . e . , mortality
rate, f e r t i l i t y rate, li f e expectancy, generation length, adult sex
ra tio , dependency ra tio , subadult to adult ra tio , and sex ratio at
b irth , just to name a few) and general health conditions of a popula
tion can be obtained through an examination of the skeletal remains of
past populations.

In order to reconstruct the biological structure of

past cultures, paleodemographers concentrate on the processes of popu
lation growth and m ortality.

According to Acsadi and Nemeskeri,

"conclusions may be drawn from the length of individual lives on human
mortality and, conversely, from m ortality on the length of human life "
(1970:7).

By examining the age at death and sex distributions of a

skeletal population, information reflecting the overall adaptive
success of the population may be obtained.

In general, populations

which are better adapted to their external conditions and/or exposed to
less environmental stress w ill experience longer li f e spans than those
which are not (Harper 1979).
Establishing the demographic profile of a population is a compli
cated task and,frequently, the researcher must rely on inferential in
formation in order to complete the analysis.

The fu lfillm e n t of four

requirements is c r itic a lly important to any paleodemographic analysis.
F irs t, i t must be shown that the skeletal sample under examination is
8
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representative of the original population from which i t was drawn
(Weiss 1973).

Second, the age and sex of the individuals represented

must be adequately known.

Third, information reflecting the accuracy

of the archeological data must be available.

Fourth, "the demographic

requirement of an unchanging natural population must be met" (Bender
1979:184).
When dealing with an ossuary collection, f u lf illin g these re
quirements poses special problems.

To begin with, there is no assur

ance that the skeletal material under examination is a complete
sample of a ll individuals who died during the culturally prescribed
number of years.

In a case described by Ubelaker (1974), in which

the recovered remains from two Nanjemoy Creek ossuaries were supple
mented with detailed ethnohistoric and archaeological-information,
the accuracy of analysis was enhanced and the fu lfilm e n t of the f ir s t
above mentioned condition was attained.

However, this does not hold

true for a ll ossuary samples.
Sample completeness cannot be assumed due to the possible
existence of d iffe re n tia l burial practices; not only in regard to
social status, but also age and sex.

For example, the underrepre

sentation of infants in ossuary collections has been documented (Angel
1969; Brothwell 1972; Genoves 1969; Katzenberg and White 1979;
Vallois 1960).

Several factors appear to account fo r this phenomenon.

Due to their size and density, the preservation potential of infant
specimens is re la tiv e ly poor (Anderson 1963; Katzenberg and White
1979).

Furthermore, during the in it ia l exhumation process, the small

size of the specimens would increase the probability of exclusion from
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the sample by the participants and therefore reduce the
likelihood of sample completeness within this age category.

In

addition, "ethnographic evidence (Tooker 1964) indicates that often
infants under several months of age were not buried in the ossuary,
and in support of ethnographic data there is archaeological evidence
(Kapches 1977) that infants were sometimes interred inside longhouses"
(Katzenberg and White 1979:19).

Through the use of s ta tis tic al pro

cedures, however, Brothwell (1971), Mel bye (1977), and Sullivan and
Melbye (1978) have developed a means whereby adjustments in li f e
table data can be made to compensate fo r infant underrepresentation
given that an adequate sample size is available.

Providing evidence

in support of selective burial practices is d iffic u lt and to some de
gree speculative, however, analyses of skeletal populations should be
conducted with this possibility in mind.
Problems also arise in estimating the total number of persons
represented in an ossuary collection.

The tendency to underestimate

the total number of individuals present can be attributed not only to
infant underrepresentation, but also the fragmentary and incomplete
nature of the specimens under examination.

The necessity to employ

single bone categories in population size calculations, also increases
the probability of underestimation.

The in a b ility to associate

specific bones from the same individual increases the likelihood of
overlooking or not including persons not represented by the bone of
highest frequency within a ll age classes.

There is no assurance that

a ll bones of every individual were placed in the ossuary by the
participants (Anderson 1963).
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The r e lia b ility of a paleodemographic analysis is highly
dependent upon the accuracy of the aging and sexing methods em
ployed.

Generally speaking, the greater the amount of skeletal

material available for examination from the same individual, the
more reliable the results.

However, when dealing with ossuary re

mains, the researcher is limited to such an extent that only single
bone categories can be employed in the age estimations.
The above can have very profound effects, especially in re
gard to subadult aging.

Several methods for estimating the age of

immature specimens are available (see section 2 of this chapter).

In

most cases, data derived from other prehistoric or contemporaneous
White populations must be u tiliz e d .

This can be avoided i f the

skeletal collection under examination is large enough to fa c ilita te
the establishment of age specific sequences within the population.
The use of data derived from temporally and/or geographically distinct
groups may induce error as a result of interpopulation v a ria b ility .
Assessment of subadult age is further complicated due to the
inconsistent results that may be produced when various anatomical
regions of the human skeleton are examined.

For example, i t has been

shown that dental eruption and calcification sequences are better
predictors of chronological age than other available subadult aging
techniques (Lewis and Garn 1960).

According to Weiss (1973), the

larger the number of c rite ria employed in age a t death estimations
for immature specimens, the more reliab le the results.

However, due

to the lim itations imposed by employing single bone categories in
ossuary analyses, this cannot be accomplished.
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Compiling populational growth data based on human skeletal
remains is also a d iffic u lt task due to the inaccuracies associated
with subadult sex determination.

Establishing the sex of immature

specimens is c ritic a l to such an analysis and may be attributed to
the differences in skeletal maturation rates observed between males
and females within the same population.

At present, an adequate

method for sexing subadult skeletons is not available.

Several

attempts have been made; however, the accuracy obtained has been
less than favorable.

This in a b ility to sex subadult individuals may

be p a rtia lly due to the lack of sexual dimorphic characteristics ob
servable in the immature pelvis prior to the fusion of the pubic,
is c h ial, and i l i a l components of the innominate bone.
Deriving accurate adult aging and sexing results is also
hampered in ossuary analyses by the in a b ility to employ more than one
bone category in th e ir estimations.

In general, the greater the

amount of skeletal material available from the same individual, the
more reliable and accurate the results.
The in a b ility of the more trad itio n a lly employed aging pro
cedures (e .g ., pubic symphyseal remodelling, cancellar resorption)
to assess adult age past 40 or 45 years, has hindered population
comparisons based on this upper age range.

More recently, a tech

nique based on osteonal remodelling in long bones has been proposed
by Kerley and Ubelaker (1978).

An advantage of this procedure is its

a b ility to accurately age individuals in excess of 50 years of age.
Unfortunately, this method may have lim ited applicability in archeo
logical collections due to inadequate sample sizes (Ubelaker 1980).
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The transfer of specimens from individual burials to the
communal ossuary p it and subsequent arrangement of the skeletal
material by the participants is essentially haphazard in nature.
Therefore, the use of provenience to associate bones of the same
individual is lim ited.

This lim itation does not, however, diminish or

reduce the accuracy of the archaeological data relating to the collec
tion.

Cultural artifacts associated with the skeletal remains of in

dividuals can provide important insights into selective burial pract i ces.
Fulfillment of the fourth prerequisite of a paleodemographic
analysis, that of an unchanging natural population, can be accom
plished in ossuary analyses.

Fluctuations in population size and

mortality rates can be considered minimal due to the re la tiv e ly short
and consistent numbers of occupational years represented by secondary
interments.

According to Ubelaker (1974), negligible demographic

effects would be produced as a result of these fluctuations.
Due to the extremely small sample size represented at LaSalle,
limitations were imposed on the amount of paleodemographic information
obtainable.

Small sample sizes, especially in regard to the subadult

age categories,, restricted the use of l i f e table analysis and s ta tis 
tical procedures designed to "correct" for infant underrepresentation.
Included in this chapter, however, w ill be an estimation of the num
ber of individuals represented in the population, adult and subadult
age distributions, the percentage of adults and subadults present,
and the adult sex ra tio obtained.

Comparisons w ill also be drawn

between LaSalle and other populations based on the above demographic
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characteristics.

The populations chosen for comparison were in 

cluded for the following two reasons:

(1) the nature of the in te r

ments were secondary, and (2) the data were readily available.

Al

though the paleodemographic information derived from ossuary analyses
is limited in some respects, i t is hoped that the procedures and
ideas put forth in this chapter w ill help to illu s tra te the useful
ness of the biological data provided.
Population Size Estimate
As pointed out by Anderson (1963) and Katzenberg and White
(1979), the a b ility to associate individual bones and bone fragments
found in secondary interments to specific individuals is d if fic u lt , i f
not impossible.

In order to estimate the minimum number of persons

represented in an ossuary, certain precautionary procedures must be
undertaken to lessen the probability of including specimens more than
once in the fin al tabulations.
(1974) was employed.

The technique suggested by Ubelaker

This procedure consists of employing only single

bone categories of the same side in a ll estimations.

These categories

may contain both complete and fragmentary specimens.

However, in

clusion of a specimen into the tabulation must be based on the cer
tainty that the same individual is not represented more than once.
In it ia lly a ll specimens were labelled and logged according to
catalogue number (1-4532), id en tification , and archaeological pro
venience.

The next step consisted of segregating a ll specimens

according to type of bone (e .g ., femora, tib ia e , humerii, pelves,
e tc .) and side (e .g ., right vs. le f t ) .

Determining the percentage of
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each specimen present accounted for the third procedural step.
Innominate specimens were scored as being complete, or i l i a l , ischial,
or pubic fragments.
Next, a ll specimens were placed within the following age cate
gories:

birth to 2.5 years, 2.5 to 6.0 years, 6.0 to 11.0 years,

11.0 to 15.0 years, 15.0 to 18.0 years and adults (those in excess of
18 years based on epiphyseal fusion advancement).

The selection of the

above age classes was made on the basis of dental eruption sequences
as presented by Sundick (1972).
classes was tabulated.

A count of a ll specimens within these

In most cases, only complete and/or proximal

or distal bone fragments were included in the count.
A total of 32 adults or 60.4% of the total number of 53
individuals were id en tified.

This number was obtained from an exami

nation of right femora which constituted the bone of highest frequency
among adults.

The number of adult bones of each type found is

presented in Table 1.

An examination of these data indicates that

le f t humerii constituted the bone of next highest frequency, followed
by:

le f t femora, le f t tib ia e , right humerii, right tib ia e , right

innominates, le f t temporals, le f t scapulae, right temporals, mandibles,
right scapulae, le f t ulnae, right ribulae, right ulnae, right ra d ii,
sacra, maxillae, and le f t fibulae.

Of the total number of adult bones

recovered in the LaSalle ossuary, 616, 31.2% or 192 were long bone
specimens.
The high incidence of long bones recovered within the adult
age class could be p a rtia lly due to their size and density.

According

to Anderson (1963), these two factors would not only influence the

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

16
Table 1

Number of Adult Bones Recovered at LaSalle

Bone

No. Re
covered

Bone

No. Re
covered

right femora

32

manubri urn

1

le f t humerus

25

right 2nd metatarsal

1

le f t femur

23

right 3rd metatarsal

1

le f t tib ia

23

right 1st metacarpal

1

right humerus

22

right 2nd metacarpal

1

right tib ia

18

right 3rd metacarpal

1

right innominate

17

right triquetrum

1

le f t innominate

16

right trapezoid

1

le f t temporal

16

right trapezium

1

le f t scapula

15

le f t 3rd metatarsal

right temporal

14

le f t 4th metatarsal

1

mandible

13

le f t 5th metatarsal

1

right scapula

13

le f t 2nd metacarpal

1

le f t ulna

12

le f t 4th metacarpal

1

right fibula

11

le f t capitate

1

right ulna

10

le f t triquetrum

1

right radius

10

le f t trapezoid

1

sacrum

9

le f t scaphoid

1

maxilla

8

le f t trapezium

1

atlas

7

le f t navicular

1

le f t fibula

6

right navicular

1

right clavicle

5

right cuboid

1
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Table 1 (Continued)

Bone

No. Re
covered

Bone

No. Re
covered

right f ir s t rib

5

le f t cuboid

1

axis

3

right lateral cuneiform

1

le f t clavicle

3

right intermediate cuneiform

1

le f t f ir s t rib

3

le f t intermediate cuneiform

1

right patella

3

le f t medial cuneiform

1

right scaphoid

3

right medial cuneiform

1

right calcaneus

2

right lunate

1

le f t lunate

2

thoracic vertebrae

right talus

2

right 1st
metatarsal

2

right 5th
metatarsal

2

right 5th
metacarpal

2

right lunate

2

right capitate

2

1-9

23

10

5

11

4

12

3

10-11

6

10-12

10

cervical vertebrae
3-7
le f t 2nd metatarsal

13

. 2
lumbar vertebrae

le f t hamate

2

le f t patella

1

le f t calcaneus

1

le f t talus

1

sternum (body)

1

1
2-4
5

3
12
4
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probability of recovery when the burials are in it ia lly exhumed, but
also th e ir a b ility to resist damage resulting from postmortem dis
turbances.

Although Anderson further states that the temporal bone

is usually well represented in ossuary collections due to the hardness
of its petrous portion, only 16 le f t and 14 right temporal portions
were recovered at LaSalle.

This could be p a rtia lly attributed to the

general, overall lack of adult cranial material in the collection.
Various techniques were employed to age and determine the num
ber of subadult individuals.

The bone of highest frequency within the

subadult age class was the le f t femur.

This analysis yielded a figure

of 21 as the minimum number of immature individuals in the collection.
They thus represent 39.6% of the total estimated population.
ber of bones of each type are presented in Table 2.

The num

An examination of

the results indicates that long bones accounted for 51.2% of the total
number of subadult bones recovered.

Of these, le f t humerii consti

tuted the specimen category of next highest frequency.

The le f t

radius, right fib u la , and le f t fibula were the long bones which
accounted for the smallest percentage of representation.

These three

bones represented only 3.0% of a ll immature specimens recovered.

The

le f t femur, le f t humerus, right humerus, right femur, le f t tib ia , and
right tib ia accounted for 43.3% of a ll recovered subadult material.
Due to the high m ortality rates suggested fo r individuals
under 20 years of age, a larger percentage of subadults than present
in the LaSalle collection was expected.

A comparison of the percent

age of subadults, 39.6, and adults, 60.4, indicates that the number of
immature individuals is much lower than anticipated.

Anderson (1963),
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Table 2
Number of Subadult Bones Recovered at LaSalle

No. Re
covered

Bone

No. Re
covered

le f t femur

21

right scapula

4

le f t humerus

16

maxilla

4

right humerus

15

right ischium

3

right femur

13

right radius

3

le f t tib ia

13

right clavicle

3

right tib ia

10

le f t radius

2

right ilium

10

le f t fibula

2

le f t ilium

9

right fibula

2

right temporal

9

right talus

2

right scapual

8

le f t ischium

1

le f t temporal

8

right pubis

1

mandible

6

le f t pubis

1

right ulna

5

right patella

le f t ulna

5

right calcaneus

1

le f t clavicle

4

le f t calcaneus

1

Bone
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in an analysis of the Fairty site ossuary, calculated that subadults
and adults accounted for 42.0% and 58.0%, respectively, of the total
number of individuals represented in his sample.

Ubelaker (1974)

computed the percentage of adults and subadults in both Ossuary I
and Ossuary I I to be 53.0% and 47.0%, respectively.
The above percentages for the LaSalle, F airty, Ossuary I , and
Ossuary I I populations indicate that the frequency of subadult
individuals is lower than expected in a ll four samples.

A possible

explanation for this phenomenon is the incompleteness of the infant
sample.

There are documented accounts suggesting that infants are

underrepresented in ossuary populations (Angel 1969; Brothwell 1971;
Genoves 1969; Katzenberg and White 1979; Vallois 1960).

Several

reasons for incomplete infant representation have been presented in
the introductory section of the chapter.
I t is lik e ly that these same factors may have contributed to
the lower than normal percentage of subadults at LaSalle.

In addition,

the tendency to underestimate the total number of individuals repre
sented in ossuary samples due to the necessity of employing a single
bone category for a ll subadult age classes further increases the
probability that a percentage of immature individuals were overlooked
in the fin al analysis.

The in a b ility to associate specific bones

from the same individual increases the possible exclusion of
individuals not represented by the bone of highest frequency within
a ll age categories.

Unfortunately, due to the smallness of the sub-

adult sample size, procedures developed to compensate for infant
underrepresentation could not be employed in the present analysis.
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Age Determination
Review of Literature
Determining the age at death of an individual is an essential
component of an osteological analysis.

I t provides valuable infor

mation for constructing paleodemographic characteristics of human
skeletal populations.

In most cases, however, the assessment of age

at death is a d iffic u lt task which escalates with the increasing age
of the individual (E l-N ajjar and McWilliams 1978) and the decreasing
amount of skeletal remains available for observation (Krogman 1962).
Prior to the age of 20 years, the assessment of an individual's age
based on human skeletal remains can be accomplished with an accept
able degree of accuracy (Krogman 1962; Stewart 1979; Sundick 1977).
This can be attributed to the occurrence of age-related structural
changes in bone resulting from the processes of growth and develop
ment.

Included would be dental calcification and eruption, increase

in diaphyseal length, and the appearance and fusion of secondary
centers of ossification.

The cessation of these events occurs at the

onset of adulthood and, therefore, cannot be employed as adult age
indicators.

Degenerative processes such as cancellar resorption and

bony alterations attributable to a r th ritis , however, account for much
of the structural change observable during the l i f e span of an adult.
A great majority of the available adult aging techniques are based on
this phenomenon (Acsadi and Nemeskeri 1970; Gustafson 1950; Hansen
1953-54; Gilbert 1971; Gilbert and McKern 1973; McKern and Stewart 1957;
Todd 1920-21; Todd and Lyon 1924-25).
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The techniques available for the determination of subadult
age are based on the following:

(1) sequence of dental eruption and

calcification (Meredith 1946; Moorrees, Fanning and Hunt 1963a, 1963b
Schour and Massler 1941); (2) sequence of epiphyseal appearance and
fusion (Johnston 1961; Krogman 1939; McKern and Stewart 1957;
Stevenson 1924; Sundick 1972); and (3) diaphyseal length or maximum
length of long bones (Johnston 1962; Merchant and Ubelaker 1977;
Sundick 1977, 1978, 1980).

I t has been suggested by Lewis and Garn

(1960), Garn, Lewis, and Polacheck (1959), and Sundick (1972) that
the most accurate estimators of subadult age are those which rely on
dental eruption and c a lc ific a tio n .

This was based on a study by Lewi

and Garn (1960) which demonstrated that there is a higher correlation
between dental age and chronological age than there is between
chronological age and any other measure of biological age other than
menarche.
According to Ubelaker (1974) as well as Merchant and Ubelaker
(1977), the Moorrees, Fanning, and Hunt standards are more accurate
for determining the age at death of subadults than are the Schour and
Massler standards.

Sundick (1978), however, argues that the la tte r

are more useful for estimating ages of immature individuals from
archaeological collections than the Moorrees, Fanning, and Hunt
standards which are more d iffic u lt to apply to such remains.

This is

due to the fact that the Merchant and Ubelaker data show a high
correlation between these two standards when they are applied to the
same skeletal population.

Furthermore, when individuals are lumped

into age groups of anywhere from three to five year intervals, the
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difference between the techniques no longer exists.

In addition,

Sundick (1978) has also suggested the application of the Moorrees,
Fanning, and Hunt standards to prehistoric populations is limited
due to the fact that th e ir data were derived from contemporary white
populations.

Ubelaker (1974) notes that Steggerda and H ill (1942),

Hurme (1948), Garn.and Moorrees (1951), Dahl berg and Menegaz-Bock
(1958), and Hrdlicka (1908) suggest an e a rlie r posterior dental
eruption age in American Indians and several other non-white groups.
As a result of the varying ages that may be produced employing data
derived from other skeletal populations, developing population
specific sequences is advised.

In many instances, however, the in 

completeness of the dental sample w ill hinder such an attempt.
Sequences of epiphyseal appearance and fusion to diaphyses are
also valuable age indicators for the la te r stages of subadult develop
ment.

More specifically, Ubelaker (1974) states that epiphyseal fusion

is an accurate age estimator for individuals in excess of 17 years.
Id eally, sequences of epiphyseal appearance and fusion should be
derived fo r specific populations from the available skeletal material.
However, in many cases sample size is fa r too small and/or the skele
tal remains are much too fragmentary to warrant an accurate population
specific establishment of age sequences.
One of the more widely used techniques in determining subadult
age is the assessment of the maximum length of immature long bones.
In itia l research in this area was conducted by Johnston (1962) who
was able to estimate the age of individuals from birth to 5.5 years.
More recently, Sundick (1978) has compiled data on diaphyseal length
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useful in the age determination of individuals from birth to puberty.
In his reports, Sundick (1978, 1980) examined material from three
temporally and geographically distinct populations and noticed that
the diaphyseal lengths were re la tiv e ly consistent in these groups
from birth to puberty.

However, during the post-pubescent years, the

amount of variation in long bone lengths increased considerably.
From this Sundick (1978, 1980) concluded that factors affecting the
growth spurt in each population could account for the non
correspondence of data in the la te r years.- The data presented by
Sundick are useful for two reasons:

(1) sample sizes within the older

age categories are larger than in a ll other existing reports, and (2)
the sample of long bones measured is larger than in any previous
study.
In comparison with the results obtained from subadult age
estimation techniques, adult age is much more d iffic u lt to determine
with an acceptable degree of accuracy.
tion methods are available.

Several adult age determina

However, in many cases, adult age can

only be estimated with respect to decades.
Among those techniques applicable to adults are cranial suture
closure (Todd and Lyon 1924-25), structural changes in adult denti
tion (Gustafson 1950; Burns and Maples 1976; Maples 1978; Maples and
Rice 1979), remodelling of the pubic symphysis (Gilbert 1971; Gilbert
and McKern 1973; McKern and Stewart 1957; Suchey 1979; Todd 1920-21),
cancellar resorption in the proximal humerus (Schranz 1958), and
femur (Hansen 1953-54; Acsadi and Nemeskeri 1970), and osteon re
modelling of the femur (Alquist and Damsten 1969; Bouvier and
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Ubelaker 1976; Currey 1964; Kerley 1965; Kerley and Ubelaker 1978;
Singh and Gunberg 1970), mandible (Singh and Gunberg 1970), tib ia '
(Kerley 1965; Singh and Gunberg 1970), and fibula (Kerley 1965).
Of the above mentioned methods, the most accurate, as i t is
relatively free of individual bias, is that of osteon remodelling
(Kerley 1965) and subsequent revisions in the procedure by Ahlquist
and Damsten (1969) and Kerley and Ubelaker (1978).

This technique is

based on osteon remodelling which occurs in the cortical structure of
long bones during an individual's l i f e span.

Age is determined by

visually counting the number of secondary osteons, fragmented
Haversian canals, and resorption spaces in a given microscopic fie ld .
As the individual increases in age, the number of osteons and lamel
lae increase, but the diameter of each decreases.

The regression

formulae proposed by Kerley (1965) contain standard errors of ±9.39
years for the femur, ±6.69 years for the tib ia , and ±5.27 years for
the fib u la .

Recently, this technique has been revised by Kerley and

Ubelaker (1978) and based’ on a modified fie ld of vision, the authors
have been able to establish a linear regression formula for the femur
which contains a standard error of ±6.71 years.
The method proposed by Singh and Gunberg (1970) is also based
on the principle of osteon remodelling.

However, in addition to pre

senting data applicable to femora and tib ia e , the authors have
developed a sim ilar technique for mandibular specimens.

Based on the

number of concentric lamellae per osteon, the total number of osteons,
and the average diameter of the Haversian canals, Singh and Gunberg
have devised regression equations with standard errors of as low as

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

26

± 2.55 years.

According to Black (1979), this technique can produce

an accuracy within the same range as that suggested by Kerley and
his colleagues.

Ubelaker (1974), however, cautions against the use of

the Singh and Gunberg method in ossuary analyses since th e ir sample
was composed of individuals between 39 and 87 years of age.

Seldomly

do adults represented in secondary interments liv e past the age of 40
years (Ubelaker 1974).
Traditionally, the pubic symphyseal region of the innominate
bone has been employed as a valuable indicator of adult age.

An im

portant prerequisite, however, is the establishment of individual
sex.

Once gender has been determined, the researcher can refer to

McKern and Stewart (1957) for age estimation of male specimens and
Gilbert (1971) and Gilbert and McKern (1973) for those of female
status.

In a recent study conducted by Suchey (1979) i t was shown

that the accuracy of the McKern and Stewart method was much lower
than in it ia lly reported.

Suchey surveyed the results obtained by 23

experienced physical anthropologists when asked to examine 11 pubic
symphyses of known age.

Only 51% of a ll examiners derived age ranges

consistent with the known age of the specimens.

The building up or

breaking down of the ventral rampart, appeared to Suchey (1979) to
be the focal problem in the McKern and Stewart technique.
Employing a similar approach, Suchey (1977) also assessed the
r e lia b ility of the Gilbert and McKern (1973) method.

An examination

of her results reveals that only slig htly more than one-half of the
age estimates were consistent with the known age of the specimen under
examination.

According to Suchey, two factors may be responsible for
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this low degree of accuracy.

F irs t, the sample size employed

in it ia lly by Gilbert and McKern was extremely small; only 15 pubes
from the Terry collection were chosen for analysis.

In addition, the

c rite ria employed in the selection of pubic symphyses were not
identified.

The second factor suggested by Suchey was the

experience of the observer.

In her study, Suchey reports the greatest

amount of inter-observer error was obtained among the more experienced
investigators.

From this Suchey concluded this could be p a rtia lly

attributed to the application of "personalized" systems by the more
experienced observers.
The implications produced as a result of Suchey‘s studies may
have very profound effects upon previous as well as present and future
age analyses which employ the McKern and Stewart and Gilbert and
McKern techniques.

I f the accuracy of these two methods is questioned,

i t naturally follows that the accuracy of a ll analyses employing these
techniques must also be questioned.

As a resu lt, the use of the

McKern and Stewart and Gilbert and McKern methods should be restricted
to situations in which other, more accurate techniques cannot be
employed.
Determination of adult age based on varying amounts of dental
a ttritio n has also been suggested (Black 1979; Hrdlicka 1952; Miles
1963).

In a recent analysis of the Turner site skeletal material,

Black (1979) determined the age of adult individuals by noting the
amount of dental wear in comparison to the occlusal surface area of
subadults within the population.

Variable individual attributes such

as enamel hardness, the grittiness of d ie t, and loss of teeth, and
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other factors can lessen the degree of accuracy i f not taken into
consideration.

Despite individual v a ria b ility , Black concluded that

"dental a ttritio n can often provide a f a ir ly good estimate of an
individual's age i f the technique is used within a population" (1979:
19).
Techniques based on the principle of cancellar resorption in
the proximal humerus (Schranz 1958) and femur (Hansen 1953-54) have
been employed in the assessment of adult age.

As an individual in

creases in age, the size of the resorbed areas as well as the number
of regions affected also increase.

The following is a general

description as presented by Schranz (1958) of the age-related
structural changes that can be observed in the proximal end of the
humerus.

From 20 to 30 years the arrangement of the internal structure

of the epiphysis varies from being distinctively radial to no longer
being apparent.

The medullary cavity has not yet reached the surgi

cal neck (collurn chirugicum) and’ the internal structure of the diaphysis is ogival.

Between 30 and 39 years the trabecular bone exhibits

a p a rtia lly ogival structure and the medullary cavity may approach
the coll urn chirugicum.

By the age of 40 to 49 years, the medullary

cavity has reached the surgical neck.

Lacunae begin to appear between

the epiphyseal lin e and the cone of the medullary cavity.

After 50

years, the apex of the medullary cavity has reached or surpassed the
epiphyseal line and large lacunae appear in the greater tubercle.
An important element of the Schranz method is the determination
of the individual's sex.

According to Schranz (1958), the structural

changes observed to occur in the proximal end of the humerus in
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females could result in age estimates from 2 to 10 years higher than
in male specimens.

The in a b ility to accurately sex individuals would

decrease both the accuracy and r e lia b ility of the results obtained.
In addition, Schranz also notes that the experience of the observer
w ill influence the r e lia b ility of the age estimates.
A modified version of the Schranz technique has been devised
by Nemeskeri, Harsany, and Acsadi (1960).

Based on an analysis of

specimens of known age, these authors were able to accurately access
age in only 18.0% of th e ir sample employing the Schranz method.

How

ever, an examination of the stages developed by Nemeskeri, et a l.
reveals they disregarded the sex of the individual although Schranz
in his original report stressed the degree to which sex differences
may affect the ages derived.

Therefore, i t is quite possible that

the neglect of Nemeskeri and his colleagues to consider sex as a
contributing factor could p a rtia lly account for the extremely low
accuracy of th e ir results.
Age changes in the proximal portion of adult femora have also
been noted.

In itia l research was conducted by Hansen (1953-54); how

ever, more recently modifications in this technique have been made
by Acsadi and Nemeskeri (1970).

Based on the principle of cancellar

bone resorption, these authors have developed progressive stages of
structural changes that have been employed to obtain age estimates
for individuals between 31 and 68 years of age.

Acsadi and Nemeskeri

(1970) suggest age determination may be accomplished within standard
errors of ± 1.86 and ± 3 . 6 4 years.

According to Schranz (1958) the

age changes observed in the femur are not as distinctive as those in
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the humerus and as a result the probability of error being introduced
by the observer is increased.

Furthermore, other factors such as sex

could affect the degree of accuracy obtained by Acsadi and Nemeskeri
i f not taken into consideration.

I t is possible that, lik e in the

humerus, sex may play an important role in the structural changes ob
served in the proximal portion of the femur.

I f such is the case,

the r e lia b ility of the stages presented by Acsadi and Nemeskeri
(1970) would be greatly reduced.
Cranial suture closure, as an indicator of age, has been em
ployed by Todd and Lyon (1924-25).

However, the age data obtained is

highly questionable due not only to the individual v a ria b ility noted
in endo- as well as ectocranial suture closure by Brooks (1955),
Hanihara (1952), and Singer (1953), but due also to the necessity of
placing individuals within broad, general age categories.
Acsadi and Nemeskeri (1970) have proposed a "complex" method
for determining the age of adults.

Four techniques are employed:

these include cranial suture closure (Todd and Lyon 1924-25), pubic
symphyseal remodelling (Todd and d'Errico 1928, 1954), and cancel!ar
resorption in the proximal humerus (Acsadi and Nemeskeri's 1970
modification of Schranz 1958) and femur (Acsadi and Nemeskeri's
1970 modification of Hansen 1953-54).

Age is independently ascertained

with each of the four above mentioned techniques.

The fin al age of

the individual is , in essence, an average of a ll four age estimates.
Acsadi and Nemeskeri suggest the fin al age estimate for the individual
can be accurate to within ± 2 . 5 years.

Schwidetzky (1978) as well as

Sj0vold (1975a) are in agreement with this proposed degree of accuracy.
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Although the accuracy of age determination increases with the
amount of skeletal parts available for examination (Krogman 1962),
the degree of accuracy of each of the individual techniques employed
must be considered.

Of the four methods suggested by Acsadi and

Nemeskeri, the most accurate are those employing the structural
changes in the proximal humerus and femur.

However, the accuracy of

the estimates must be questioned due to Acsadi and Nemeskeri's neg
lect of sex specific structural changes.

The least accurate of the

four techniques is cranial suture closure.

When the researcher em

ploys this method, individuals can be aged in regard to decades only
(Brooks 1955).

The fin a l method employed, pubic symphyseal remodel

ling as proposed by Todd and d'E rrico’ (1928, 1954), has also been
c ritic ize d .

In a 1957 a rtic le by McKern and Stewart, the use of the

age standards suggested by these authors were questioned due, primarily,
to the extremely small sample size employed.
Subadult Age Estimation
Several subadult aging techniques were employed in the
analysis of the LaSalle m aterial.

These were, the assessment of the

maximum length of diaphyses, epiphyseal fusion, and dental c a lc ific a 
tion and eruption.

The assessment of diaphyseal length proved to be

of greatest value.
All specimens complete enough to obtain diaphyseal length
were measured employing an osteometric board.

The results obtained

were compared to the data presented by Sundick (1978) and Merchant
and Ubelaker (1977).

Results of the diaphyseal analysis are shown in
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Appendix B.

The le f t femur was the bone of highest frequency and,

therefore, these specimens were employed in the age distribution
analysis to ensure the accuracy of the paleodemographic results.
Not a ll specimens were complete enough to be included in the
analysis.

In order to increase the sample size and subsequently in

crease the estimate for the minimum number of subadult individuals
represented, those fragments for which an age could be derived by a
visual comparison of the size and diameter of long bones with the
previously aged specimens were included.

However, the age categories

employed (see Section 1 of this chapter) previously were not suf
fic ie n t due to the decrease in accuracy that would result in applying
this procedure.
u tilize d :

Therefore, the following age categories were

birth to 5 years, 5 to 12 years, and 12 to 18 years.

Total counts for each category are presented in Table 3.

Employing

this procedure, an increase of seven individuals represented by le f t
femora was established, thereby increasing the total number of ageable subadults represented to seventeen.
Epiphyseal fusion was employed to age those specimens in ex
cess of 17 years.
analysis.

The data presented by Sundick were u tiliz e d in the

Results are also shown in Table 3.

aged to be between 17 and 25 years of age.

Four specimens were

These additional speci

mens increased the minimum number of ageable subadults represented by
le f t femoral material to twenty-one.
Twenty-one or 39.6% of the total number of persons estimated to
be represented (53) were of subadult status.
between the ages of birth and 2.5 years.

Of these, 52.4% were

The age range suggested for

R eproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

33

Table 3
Number of Subadult Long Bones Aged to be Within
the Range of Birth to 25 Years

Bone
Left
Femur

Right
Femur

Left
Humerus

Right
Humerus

Left
Tibia

Right
Tibia

B-5 years

11

7

10

7

7

3

5-10 years

1

2

1

2

3

3

12-18 years

5

2

1

2

2

1

18-25 years

4

2

4

4

1

3

Age
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infants, birth to one year (Anderson 1963; Sullivan 1977) or birth to
1.5 years (Ubelaker 1974), could not be employed in the present
analysis due to the inaccuracies and u n re lia b ility associated with
age determination based on fragmentary postcranial material.

An

examination of the dental results, however, reveals that two or
28.6% of the individuals between birth and 2.5 years were of the age
birth to 1.0 years and fiv e or 71.4% were between birth and 1.5 years
(see Appendix C).

Given the la tte r figures, fiv e or 35.7% of the

total subadult population represented by dental remains (14) were
between the ages of birth and 1.5 years.
In an analysis of the Fairty site skeletal material, Anderson
(1963) calculated that 19% of the total population of pre-pubertal
individuals (144) were-aged within the range of birth to 1.0 years.
In comparison, the number of individuals aged between birth and one
year (2) in the LaSalle collection is 14.3% of the total number of
individuals (14) as represented by dental material.

The LaSalle

figure is slig htly lower than that reported for the Fairty popula
tion; however, due to the small sample size at LaSalle this difference
may be considered negligible.
Ubelaker (1974) in an analysis of two tidewater Potomac
ossuaries (Ossuary I and Ossuary I I ) calculated that 46.0% and 49.0%,
respectively, of the total subadults represented in each of his
ossuary samples were between birth and 1.9 years of age.

A compari

son of the LaSalle percentage of 42.9% for those individuals within
this age range as represented by dental remains reveals this figure
closely approximates that of both Ossuary I and Ossuary I I .

However,
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once again the LaSalle sample size must be taken into consideration.
An examination of the subadult to adult percentages computed
for the LaSalle collection, 39.6% : 60.4%, indicates the percentage
of adults exceeds that of subadults by 20.8 percent.

A review of

the data presented by Ubelaker (1974) for Ossuary I (46.8% : 53.2%)
and Ossuary I I (51.4% : 48.6%) reveals in both of these samples the
number of subadults is nearly that of adults.

The apparent under

enumeration of subadults in the LaSalle collection is possibly the
result of several factors.

These include:

(1) the underrepresenta

tion of infants due to possible selective burial practices, (2) the
poor preservation and recoverability potential of immature bones as
a result of th e ir size and density, (3) the in a b ility to age frag
mentary specimens, (4) the possible existence of another ossuary or
burial area containing both infants and prepubescent individuals, and
(5) the extremely small sample size of subadults recovered at LaSalle.
Adult Age Determination
The adult aging technique which proved to be of greatest value
in the analysis of the LaSalle skeletal collection was that based
primarily on the degenerative process of cancellar bone resorption
in the proximal humerus (Schranz 1958; Acsadi and Nemeskeri 1970)
and femur (Acsadi and Nemeskeri 1970).

The in a b ility to accurately

assess the sex of adult humerii limited the usefulness of the
Schranz technique.

Pubic symphyseal remodelling could not be

employed due to the lack of symphyses recovered.
Longitudinal cross-sections were examined for a ll adult right
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femora and le f t humeral specimens complete enough to warrant
analysis.

These two bone types were chosen due to their frequency in

the collection.

Cross-sectioning was done with a band saw equipped

with a fine tooth blade.

I t entailed cutting the specimens from the

midpoint of the head to a point just below the greater tuberosity in
the humerus and greater trochanter in the femur.
Fourteen right femora were complete enough to warrant age
analysis.

The sample consisted of eleven adult specimens and four

young adults (17-25 years).

A larger number of midshaft fragments

which could have been aged employing Kerley's histological technique
were present compared to proximal ends of femora; however, a lack of
time and adequate laboratory fa c ilitie s prevented the use of this
technique.
Ages of right femora were ascertained according to the stages
and descriptions presented by Acsadi and Nemeskeri (1970:178-128).
An examination of the results presented in Appendix D reveals that
50% or seven of the available fourteen specimens, were under the age
of 40 years.

Three specimens, 21.4% (3 /1 4 ), were between 20 and 25

years of age and 28.6% (4/14) f e ll within the age range of 31 to 35
years.

There were no specimens aged between 26 and 30 years.

Seven

right femora, 50% of the sample, had recorded ages of over 40 years.
Of these, 21.4% (3/14) f e ll within the age range of 41 to 45 years,
14.3% (2/14) were between 51 and 55 years, and 14.3% (2/14) had re
corded age estimates between 56 and 60 years.
Left humeral specimens were aged according to the descriptions
and illu stratio n s presented by Acsadi and Nemeskeri (1970:124-127).
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Twenty-eight le f t humerii were recovered in the ossuary; how
ever, only 14 or 50% were complete enough to age with this tech
nique.

Data obtained are presented in Appendix E.

Of the specimens

examined, the following percentages fo r each age class were derived:
3/14 or 21.4%, under 40 years; 1/14 or 7.1%, 41-45 years; 3/14 or
21.4%, 51-55 years; 6/14 or 42.9%, 56-60 years; and 1/14 or 7.1%,
61-65 years.
An examination of the age data obtained from both methods (see
Figure 2) reveals that humeral specimens yielded age results con
sistently higher than right femoral material.

There are several

possible explanations fo r such a discrepancy.

They include:

(1) the

small sample size, (2) the femoral specimens not complete enough to
warrant age analysis were the chronologically older specimens of this
sample, (3) the humeral specimens employed were members of an elder
subset of the total le f t humeral sample, (4) the inexperience of the
observer could have resulted in a bias toward older individuals, and
(5) either of the techniques employed could be less accurate than
originally reported.
The cranial suture closure method proposed by Todd and Lyon
(1924-25) was employed in the age estimation of the adult crania.
Results obtained are presented in Appendix F.

An examination of

these results indicates that of the 16 specimens studied, three or
18.8% were aged between 25 and 35 years, five or 31.2% were between
35 and 45 years, fiv e or 31.2% were between 45 and 55 years, and
three or 18.8% had recorded ages greater than 55 years.
Based on the information shown in Figure 2 the age results
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obtained through cranial analysis corresponds more closely with the
data obtained from the examination of right femora than le f t humerii.
I t is possible that the results obtained through humeral analysis
were skewed toward older individuals due not only to the inexperience
of the observer, but also due to the in a b ility to sex the specimens
employed.

The la tte r would, assuming that a substantial percentage

of the individuals examined were females, produce age results two
to ten years higher.

However, this does not entirely explain the un

usual number of individuals past the age of 40 years.

Quite possibly

the amount of error introduced as a result of the research's inex
perience would, to a greater extent, explain this over abundance of
elder individuals.

In addition, i t should be noted that the apparent

absence of older individuals from ossuary samples could possibly be a
«*•

.

product of the insufficient a b ility of previously applied techniques
to age individuals within this age category.

Furthermore, the

application of results derived from European white populations to
prehistoric American Indian skeletal material must be questioned.
Factors such as nu tritio n , d ie t, and economy can affect skeletal
growth and development and therefore the overall skeletal morphology
of individuals as well as entire populations.
A comparison of the results obtained employing data derived
from proximal ends of femora and humerii with those presented for two
ossuary samples by Ubelaker (1974) indicates that a higher percentage
of adult individuals are between the ages of 20 and 40 years in the
Ubelaker collections (see Table 4 and Figure 3).

In Ossuary I , a

percentage of 72.7% was attained for adult individuals under 40 years
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Table 4

Percentage and Number of Adults Calculated to be Within Age Intervals
of Five Years Ranging from 20 to 70 Years of Age in the LaSalle,
Ossuary I , and Ossuary I I Populations

LaSalle
Age in
Years

Femur
nr

%

Humerus
#

%

Ubelaker (1974)
Ossuary I
Ossuary I I
%
#
iT

%

20-25

3

21.4

3

21.4

5

8.0

8

10.0

26-30

0

0.0

0

0.0

14

21.0

10

12.0

31-35

4

28.6

0

0.0

16

24.0

18

21.0

36-40

0

0.0

0

0.0

13

20.0

17

20.0

41-45

3

21.4

1

7.1

9

14.0

11

13.0

46-50

0

0.0

0

0.0

7

11.0

9

11.0

51-55

2

14.3

3

21.4

2

3.0

7

8.0

56-60

2

14.3

6

42.8

0

0.0

3

4.0

61-65

0

0.0

1

7.1

0

0.0

0

0.0

66-70

0

0.0

0

0.0

0

0.0

1

1.0

Total

14

100.0

14

99.8

66

101.0

84

100.0
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of age and a percentage of 63.1% was calculated for adults within this
age range for Ossuary I I .

Based on right femoral data, 50% (7/14)

of the ageable adults recovered at LaSalle were between 20 and 40
years of age.

However, a 21.4% representation was established em

ploying le f t humeral data.
Several possible explanations for this deviation are:

(1) the

accuracy obtained employing proximal femur and humerus methods are
less accurate than in it ia lly reported, and (2) the LaSalle ossuary
inhabitants, in fa c t, are of an older age than Ossuary I and Ossuary
I I individuals.
An examination of the results presented in Figure 4 reveals
that in the Fairty population (Anderson 1963) 14% of the calculated
295 adults represented in the sample were aged between 17 and 22 years
of age.

A comparison of these data with those obtained via femoral

and humeral analysis in the LaSalle collection indicates that a
slightly higher percentage of the ageable individuals within the
LaSalle sample were within this range.

This difference may be con

sidered negligible due to the small sample size employed in the La
Salle analysis.

Anderson (1963) reports that of his adult sample 49%

were between the ages of 24 and 29 years.

There were no specimens

aged within this range based on either femoral or humeral analyses.
The most distinctive difference between these two populations can be
observed in the percentage increase of the number of individuals with
recorded ages in excess of 30 years.

In the LaSalle collection, 79%

of the ageable adults were assessed to be over 30 as compared to 37%
in the Fairty population.

This difference could be a result of
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either the small sample size at LaSalle, the difference in accuracy
of the methodologies employed, a combination of both, or differences
in cultural practices such as the location of the interments of the
elderly.
Sex Determination
Review of Literature
Sex determination of adult specimens, not unlike age
estimation, is a c ritic a l element in reconstructing the demographic
profile of a population.

By the time an individual reaches adult

status, sexual dimorphism is well established in the skeleton.

The

most pronounced sexual differences can be observed in the pelvis.
This can be attributed to the structural specialization of the female
pelvis to the childbearing process.

As a result, the female pelvis

may be characterized as having a wide subpubic angle, wide and shal
low sciatic notch, low pubic symphysis, high frequency of preauricular sulcus, small acetabulum, small obturator foramen, broader
pubic body, possible presence of parturition p its , and general over
a ll g ra c ility (Krogman 1962; Stewart 1979; Ubelaker 1974).

The male

pelvis, in contrast, may be characterized by a general overall robust
ness, especially in regions of muscle attachment.
Visual as well as metrical techniques have been employed in
sexing the innominate bones of adult individuals.

According to

Ubelaker (1974), the most accurate method available is that developed
by Phenice (1969).

Based on the presence or absence of three
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non-metrical features of the Os pubis; the ventral arc, subpubic con
cavity, and the medial aspect of the ischio-pubic ramus, Phenice was
able to accurately assess the sex of pubic bones with 96.0% accuracy.
Kelley, in a study employing this method, concluded that "Phenice's
technique offered extremely reliable sex estimation" (1978:121).
Metrical indices of the innominate bone have also been employed
as sex indicators.

Washburn (1948), relying upon the ischio-pubic

index, was able to accurately assess sex in 90.0% of his cases.

Al

though an adequate or satisfactory degree of accuracy can be obtained
employing this technique, Ubelaker (1974) suggested i t is not, how
ever, comparable to the degree of accuracy possible with the use of
the Phenice method.

Furthermore, an advantage of the la tte r is its

s tric tly morphological nature.

When skeletal remains are fragmentary,

the use of metric techniques is severely limited and the amount of
information obtainable is greatly reduced.
In addition to the innominate, other bones of the human
skeleton express sexual dimorphic characteristics.

The cranium,

dentition, long bones, and other areas of the infracranial skeleton
such as the clavicle, talus, calcaneus, sternum, and sacrum have been
employed in adult sex determination (Ditch and Rose 1972; Dwight 1881,
1894, 1905; Fawcett 1938; Flander 1978; Giles 1964, 1970; Giles and
E llio t 1963, Kajanola 1965; Maltby 1917-1919; Pearson 1917-1919;
Steele 1977; Thieme and Schull 1957).

In general, the accuracy of

analysis is directly proportional to the amount of skeletal material
available for observation.

Krogman, fo r example, suggests that the

percentage accuracy for sex determination of various parts of the body
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is as follows:

"entire skeleton, 100%; skull alone, 90%; pelvis

alone, 95%; long bones alone, 80%; long bones plus skull, 90-95%;
and long bones plus pelvis, 95%+" (1962:149).

The bones in a male

skeleton are usually larger in size, more robust in muscle attach
ment areas, and in general express more rugosity than females.
Morphological or visual sexing methods based on relative cranial
size, degree of parietal bossing, and robustness of muscle attachment
areas, such as the nuchal crest, have been extensively employed
(Stewart 1979).

Generally speaking, female skulls are more gracile

and sexual differences are more pronounced in the orbital borders,
supraorbital ridges, occipital crest, mastoid processes, and chin.
The a b ility to accurately assess the sex of an individual based on
cranial non-metric characteristics is highly dependent upon the re*
searcher's experience, amount of cranial material available for ob
servation within the population, and the completeness of the specimens.
According to Ubelaker (1974), an experienced investigator can accurately
sex only 80-90% of the cases when morphology alone is used as a criterion.
Adult sex determination has also been accomplished through the
use of cranial discriminant analyses (Giles 1964, 1970; Giles and
E llio t 1962, 1963; Kajanola 1965).

Although the accuracy obtainable

is slig htly better than sex determination based on cranial non-metric
attributes (Ubelaker 1974), the applicability of discriminant function
analysis is lim ited and varies with the completeness of the specimens
under examination.
Ditch and Rose (1972) have proposed the use of a multivariate
dental sexing technique that is applicable to prehistoric populations.
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In examining individuals represented in the Dixon Mound skeletal col
lection, Ditch and Rose were able to accurately assess sex in 93.0% of
their cases based on two dental measurements; bucco-lingual and mesiodistal diameters.

The above authors, however, suggested that this

method not be applied in isolation.

Rather, i t should be employed

in conjunction with as many other sexing c rite ria as possible.
Metrical variants of various bones of the postcranial skeleton
have been shown to be adequate sex discriminators.

Techniques based

on infracranial material other than long bones include the assessment
of the maximum length of the le f t clavicle (Thieme and Schull 1957),
ratio of the length of the manubrium to the length of the sternal
body (Dwight 1881), glenoid cavity length (Dwight 1894; Stewart 1979),
and discriminant functions based on four measurements of the talus
and/or calcaneus (Steele 1977).
Researchers have also attempted to sex adult individuals on
the basis of morphological and metrical characteristics of various
long bones such as the humerus and femur.

In general, the muscle

attachment regions of long bones ( i . e . , deltoid tuberosity and linea
aspera) and articu lar surfaces are more pronounced in males than
females.
Dwight in 1905 examined the sexing potential of humeral
vertical head diameters and concluded sexual dimorphic differences
could be noted in this measurement.

Stewart (1979), in re-examining

Dwight's proposition, concurred with that conclusion.

The maximum

length and epicondylar width of the humerus have also been employed in
adult sex determination (Dwight 1905; Thieme and Schull 1957).
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However, the accuracy of the former has been questioned due to the
inconsistent employment of dried bone specimens and those in which
cartilage is present (Stewart 1979).

The preservation potential and

subsequent a v a ila b ility of the humerus in archaeological collections
due to its size and density has made sexing methods employing this
bone valuable.
The femur is the most extensively studied long bone of the
human skeleton and much of the data compiled and methodologies em
ployed have been useful in establishing adult sex (Krogman 1962).
For example, the vertical diameter of the femoral head was intensively
examined by Pearson (1917-1919), Dwight (1904-1905) and Maltby (19171918).

More recently, Black (1978a), in an analysis of the Libben

site ossuary collection, has shown that a difference exists in the
values obtained for femoral shaft circumference in male and female
specimens.

Black contended this difference can be attributed to the

greater amount of growth and subsequent increase in cortical bone
during adolescence in males and the cessation of cortical growth at
the onset of adulthood in females.

An 85% degree of accuracy can be

obtained employing this method (Black 1978a).

In an analysis of 115

North American white femora of v erified age and sex, DiBennardo and
Taylor (1979) were able to accurately assess sex in 82% of their
sample population employing this technique.
Fawcett (1938) and Flander (1978) have attempted to differen
tia te adult sacral specimens according to sex on the basis of calcu
lated metrical indices.

However, Stewart (1979) suggested that

metrical variants of the sacrum are not adequate discriminators of
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sex and should be employed only as a la s t recourse.

In addition to

sacral indices, morphological characteristics of the sacrum such as
curvature, general size, number of sacral vertebrae, and the extent
of the articu lar surface have been u tiliz e d in adult sex determina
tion (Krogman 1962; Stewart 1979).

Due to the infrequent recover

a b ility of this bone from archaeological deposits, its use as a sex
indicator has been limited (Flander 1978).
Adult Sex Determination
Several adult sexing procedures were employed, including
femoral shaft circumference (Black 1978a), femoral vertical head
diameter (Pearson 1917-1919), and morphological attributes of the
cranium (Krogman 1962; Stewart 1979; Ubelaker 1974, 1978). .Only
three adult pubic bones were recovered.

Therefore, the more

accurate techniques which employ this region could not be u tiliz e d .
The methods which proved to be of greatest value in this skeletal
series were those developed by Pearson and Black.
Femoral shaft circumference was recorded for a ll adult right
femora following the descriptions presented by Black (1978a).

All

measurements were taken employing a cloth mm tape and recorded by
the author.

I t should be noted that a slight degree of error may

be introduced as a result of the stretchable property of cloth tapes.
In an attempt to reduce the amount of error attributed to in te r
population v a ria b ility , a modification of the ranges suggested by
Black was proposed.

The male and female femoral shaft circumference

scores obtained (see Appendix G) were plotted in frequency
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distribution format (see Figure 5).

Due to the sexual dimorphic

nature of femoral shaft circumference and given that an adequate
sample size is employed, one would expect to observe a bimodal
distribution of the male and female scores.

An examination of the

LaSalle data, however, reveals that a bimodal curve is not apparent.
This is due, in part, to the re la tiv e ly small sample size; a total of
only 30 specimens consisted of at least the midshaft portion of the
femur necessary in applying Black's method.

As a re su lt, a modifica

tion of the ranges proposed could not be accomplished.
Given the data suggested by Black (1978a), the following ranges
were employed; greater than or equal to 85.0 mm for males and less
than or equal to 77.0 mm for females.

Those specimens with obtained

values in between these two ranges were scored as of indeterminate
sex.

An examination of the results presented in Appendix G reveals

that 13 of the 30 specimens in it ia lly examined (43.3%) were classified
as males and eight of 30 (26.7%) were scored as females.

The

remaining nine specimens (30.0%) were determined to be of inde
terminate sex.
Femoral vertical head diameter measurements were obtained for
right femora which were complete enough to warrant analysis.

Data

were compiled employing a sl.iding caliper and following the des
criptions of Pearson (1917-1918) as presented by Bass (1971).

Re

corded values and frequency distributions are presented in Appen
dix H and Figure 6, respectively. Based on the frequency distribution
shown in Figure 6, i t was concluded that the ranges proposed by
Pearson (1917-1919) could not be modified to reduce the amount of
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error resulting from interpopulation v a ria b ility .
ranges were employed:

The following

less than 41.5 mm, female; 41.5-43.5 mm,

questionable female; 43.5-44.5 mm, indeterminate sex; 44.5-45.5 mm,
questionable male; and greater than 45.5 mm, male.

U tilizing these

ranges resulted in the following sex distribution:

41.2% males

(7/17), 23.5% questionable males (4 /17), 11.8% females (2 /17), and
23.5% questionable females (4/17).

There were no specimens within

the collection which were scored.as of indeterminate sex based upon
the ranges employed.
In an attempt to reduce the number of questionable males and
females as determined employing the ranges suggested by Pearson,
femoral vertical head diameters were compared with the results ob
tained from femoral shaft circumference analysis (see Appendix I ) .
In essence, this procedure was undertaken to fa c ilita te a reclassi
fication of specimens scored as questionable based upon vertical head
diameter alone.

To illu s tra te this procedure, specimen #3073 was re

corded as having a vertical head diameter of 42.0 mm, placing i t
within the questionable female range.

However, according to its

femoral shaft circumference of 74.0 mm, this specimen f e ll well within
the female lim its.

Based upon the la tte r , therefore, specimen #3073

was reclassified as female.
This procedure resulted in the subsequent reclassification of
five specimens, two of which were males and three females.

Following

re-evaluation, the percentages for each above mentioned category
were revised as follows: 52.9% males (9 /17), 11.8% questionable males
(2/17), 29.4% females (5/17), and 5.9% questionable females (1/17).
i
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This reduced the percentage of questionable males and females,
combined from 47.1% to 17.6%.

Viewed individually, an 11.7%

increase in the number of sexable males was obtained, while an
additional 17.6% of the sample were re-evaluated to be females.

It

should be pointed out that there were no cases in which a specimen
was scored as male based upon femoral shaft circumference and female
according to femoral vertical head diameter.

The converse situation

also resulted in no contradictions in analysis.

Unfortunately, those

specimens scored as of indeterminate sex based solely on shaft c ir 
cumference data could not be reclassified according to femoral
vertical head diameter.
Of the 21 sexable individuals based upon femoral shaft c ir 
cumference, 61.9% (13) were males and 38.1% (8) were females.

These

values are quite similar to those obtained through vertical head
diameter analysis; of the 14 sexable specimens, nine or 64.3% were of
male status, while five or 35.7% were females.
Morphological examination of the adult crania produced the sex
determination results presented in Appendix J.

Mastoid process size,

robusticity of the nuchal crest and brow ridges, as well as the over
a ll size of the skull, were the c rite ria employed.

A total of 16

specimens were complete enough to warrant an analysis employing at
least two of the above mentioned c r ite ria .

Based upon the data shown

in Appendix J, the author has calculated the percentage of males and
females in the LaSalle collection as represented by cranial remains to
be 50.0% males and 50.0% females.
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Adult Sex Ratio
The determination of the adult sex ratio expressed in a
skeletal population can be a useful demographic tool.

Because of the

biological processes accompanying the fe rtiliz a tio n of the human egg
by sperm, a 1:1 ratio of males to females is theoretically expected.
In contemporaneous populations, however, this is not always observed
(Cavalli-Sforza and Bodmer 1971).

According to Weiss (1972) as well

as Brothwell (1971), frequent deviations from the expected can also
be observed in numerous osteological reports.

In his paper, Weiss

suggested this apparent deviation is p a rtia lly caused by a bias, in
the direction of males, produced as a result of employing visual
methods of sex determination.

An uneven sex ratio observed a t birth

(106 males to 100 females) in contemporaneous populations may also be
responsible for a higher percentage of males in prehistoric popula
tions.
Gender was established in the LaSalle skeletal series, as
previously discussed in this chapter, employing the methods proposed
by Black (1978a) and Pearson (1917-1919).

Given the above suggestion

of Weiss (1972), the metrical nature of the procedures u tiliz e d in
the analysis would, therefore, seemingly reduce, to some extent, the
possible amount of bias introduced.

Furthermore, a reduction in error

attributed to the lack of the researcher's experience would also
result.
As previously mentioned, the calculated sex ratio of the adults
represented in the LaSalle ossuary collection, based upon femoral
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shaft circumference data alone, is 61.9% males to 38.1% females.
This does not approximate the theoretically expected ratio of one
male to one female.

The same can also be observed based on femoral

vertical head diameter data (64.3% males to 35.7% females).

However,

the data obtained through cranial analysis (50.0% males to 50.0%
females) does closely approximate the expected.
this apparent deviation are:

Several reasons for

(1) males are actually more numerous

than females in this collection, (2) the difference in representation
between the sexes may be a product of the small sample size employed,
and (3) females within the LaSalle ossuary may be biologically larger
than those employed by Black and Pearson in th e ir analyses.

There

fore, a percentage of the females sexed according to their proposed
ranges could have been scored as males.

I t should also be pointed

out, specifically in regard to Black's method, that in the case of
fragmentary specimens, the point of measurement fo r each may have
varied somewhat due to the in a b ility to determine the maximum length
of the specimen.

Given that the evaluation of a larger percentage of

points resulted in femoral shaft circumference scores higher than ex
pected, especially for females, i t is quite possible that a percent
age of those specimens at the lower lim its of the male range were
actually females.

This does not, however, explain the correspondence

in the results obtained through femoral shaft circumference analysis
and those derived via vertical head diameter examination.
Comparisons, based upon adult sex ra tio data, were conducted
between LaSalle and Fairty (Anderson 1963), Ossuary I (Ubelaker 1974),
Ossuary I I (Ubelaker 1974), and Ossossane (Katzenberg and White 1979).
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Although Anderson and Ubelaker employed several techniques to e s ti
mate adult sex, only that using morphological and/or metric variants
of the cranium were common in a ll three studies.

An examination of

the data presented in Table 5 indicates that, based upon cranial in
formation alone, LaSalle more closely approximates the Fairty and
Ossuary I results.

However, in Anderson's analysis, ' only 14.2% of

the entire population of adults were represented in sex determination
procedures employing cranial material.

Furthermore, based upon the

sex ratios computed for the Fairty site employing.innominate speci
mens, Anderson concluded a slig htly higher percentage of females
were present.
An examination of Ubelaker's data for Ossuary I I reveals that
90.0% of a ll adult individuals were sexed via cranial analysis.
these individuals, females outnumbered males by 20 percent.

Of

Although

based solely on cranial remains a 50.0% adult representation was
attained in the LaSalle ossuary, a 15.6% increase in representation
was possible employing femoral shaft circumference data.

A compari

son between the la tte r results and those of Ossuary I I reveals that
female representation is lower in the LaSalle collection with only
38.1% of the sample population being female.

However, i t should be

pointed out that problems encountered in the sample size employed,
the in a b ility to adjust femoral shaft circumference data within La
Salle for interpopulation v a ria b ility , and the in a b ility to con
sistently determine the point of measurement on each specimen must
be taken into consideration.
Comparisons were also conducted between Ossossane (Katzenberg
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Table 5

The Percentage of Males and Females in the Ossuary I , Ossuary I I ,
Fairty and LaSalle Populations*

Male
No.

%

Female
No.
%

Ossuary I

31

55

25

45

56

81

Ossuary I I

36

40

53

60

89

90

Fairty

22

52

20

48

42

14.2

LaSalle

8

50

8

50

17

50

Total

Percent of
Total Adults

*Data presented above are based on morphological and/or
metrical characteristics of the cranium.
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and White 1979) and LaSalle in respect to adult sex ra tio .

Katzenberg

and White computed a sex ratio of 51.2% females to 48.8% males (63
females and 60 males) employing the Phenice method alone or in com
bination with the frequency of the preauricular sulcus and evaluation
of the sciatic notch.

These figures correspond more closely to the

LaSalle results obtained through cranial non-metric analysis, 50.0%
males to 50.0% females, than to the data derived employing femoral
shaft circumference, 61.9% males to 38.1% females.

However, once

again, the problems previously mentioned must be taken into
consideration.
Subadult Sex Determination
Sex determination of subadult specimens has been attempted
(B a ilit and Hunt 1964; Black 1978b; Boucher 1955, 1957; Hunt and
Gleiser 1955; Reynolds 1945, 1947; Weaver 1980), however, a satis
factory degree of accuracy has not as yet been obtained.

According

to Ubelaker (1974), most researchers have been able to accurately
assess subadult sex in only 50.0-58.0% of the cases.

Krogman (1962)

notes that in prepubertal material sex determination is 50-50 without
pelvic remains and 75.0-80.0% when the innominate bone is present.
Sundick (1977), however, states that the in a b ility to accurately
assess the sex of subadult individuals can be attributed to the
absence of sexual dimorphic characteristics observable in an immature
skeleton prior to the age of puberty.

I t is not until a ll components

of the innominate bone (os ilium , os ischium, and os pubis) have
fused that secondary sex attributes of the pelvis can be observed.
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Due to the d iffic u lty and inaccuracy associated with the sex
determination of subadult individuals, the immature specimens
represented in the LaSalle skeletal collection were not differentiated
according to sex.

Unfortunately, as a result of the in a b ility to sex

immature individuals, growth data could not be compiled.
Summary
The LaSalle ossuary consists of the skeletal remains of
approximately 53 individuals.

Of these, 21 (39.6%) were of sub

adult status, while 32 (60.4%) were adults.

The re la tiv e ly smaller

percentage of subadults in comparison to adults may be p a rtia lly
attributed to the following:

(1) infant underrepresentation, and

(2) problems and restrictions associated with the establishment of
ossuary population size (e .g ., fragmentary specimens and the necessity
to employ single bone categories).
An adult sex ratio of 61.9% males to 38.1% females was calcu
lated employing Black's (1978a) femoral shaft circumference pro
cedure.

A deviation from the theoretically expected ratio of one male

to one female was noted.
are:

Several reasons for this noncorrespondence

(1) males represented in the LaSalle collection are actually

more numerous than females, (2) the difference in representation
between the sexes is a product of the small sample size employed,
(3) females within the LaSalle ossuary may be biologically larger
than those employed in the Black analysis, and (4) the in a b ility to
consistently determine the point of measurement in each specimen
may have resulted in larger femoral shaft circumference values
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and therefore a larger percentage of males.
Factors such as the fragmentary nature of the specimens, small
sample size, and the necessity to employ single bone categories in
the calculation of the minimum number of individuals represented
and determination of age and sex distributions at LaSalle restricted
the amount of paleodemographic information obtainable.
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CHAPTER I I

PALEOPATHOLOGY
Introduction
Paleopathology is the study of disease in the past.
Information concerning pathological conditions may be acquired
through the examination of human skeletal m aterial, soft tissue re
mains, and prehistoric a rt work such as figurines and paintings.

The

multidisciplinary study of diseases in antiquity has two major ob
jectives.

The f ir s t of these is to increase our knowledge of the

temporal and geographical distribution of diseases to fa c ilita te the
discovery of the origins of major pathologies (Jarcho 1966).

The

second is to appraise the adaptive success of populations through
time.

Epidemiological strategies stress the discovery of the manner

in which disease affects populations by considering the prevalence
of disease in conjunction with the assessment of age at death, agesex distributions, and average group l i f e span (Sullivan 1977).
Arriving at a "well-founded" pathological diagnosis from the
examination of archaeological material is a d iffic u lt task (Putschar
1966:57), as conditions are rarely expressed osteologically during
primary stages of manifestation.

The limited number of ways in which

the bone system responds to pathological conditions further compli
cates diagnosis (Morse 1969).

Due to this limited response pattern,

a variety of diseases may be expressed osteologically in similar or
identical fashions.

Differentiating disorders on the basis of human
62
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skeletal material alone is a d if fic u lt task. However, the r e lia b ility
and accuracy of diagnosis increases with the amount of skeletal
material available for the individual under examination.
A primary example of this is the d iffic u lty in distinguishing
infectious lesions of the postcranial skeleton characteristic of
periostitis with those of the same region resulting from syphilis.
The la tte r is an infectious bone disease caused by a treponemal
organism which can produce osseous changes in not only bones of the
postcranial skeleton, but also the skull vault, hard palate of the
m axilla, and the dentition (Steinbock 1976).

P e rio s titis, in con

tra s t, is an infectious disease caused by a non-specific micro
organism and lesions characteristic of this disorder are confined
specifically to bones of the postcranial skeleton.

Both syphilis and

p e rio s titis can produce an osseous lesion which affects the anterior
crest of the tib ia near midshaft.

Specimens exhibiting such a

characteristic are usually referred to as having a "sabre shin
appearance."

In isolation, a specimen reflecting this characteristic

cannot be accurately diagnosed.

However, i f additional skeletal

material from the individual ( i . e . , cranial remains) are available,
the d iffic u lty in diagnosis would be greatly reduced.
Bone disorders which can be observed in prehistoric skeletal
populations are described by Steinbock (1976) and include the
following:

lesions resulting from trauma, infection (both specific

and non-specific), hematologic disorders, metabolic disorders, tumors,
and degenerative processes.

Although a ll the above disease categories

can be found to occur in archaeological collections, the discussion to
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follow w ill be restricted to those disorders observed in the LaSalle
ossuary; those attributed to trauma, non-specific infection, and
degenerati on.
Traumatic bone lesions include fractured and healed bones
(long, f l a t , and irre g u la r), indicative of injuries resulting from
the application of external forces to various areas of the skeleton.
Included also are depression fractures of the cranium caused by blows
to the head, and bone wounds caused by sharp instruments such as in
trephination, scalping and amputation.

In addition, dislocations

such as those frequently observed to occur in the hip and shoulder
regions may result from trauma.
'

Transverse lines or growth arrest lines are traumatic lesions

which, according to Steinbock (1976), can provide important evidence
concerning the health history and subsistence patterns of individuals
as well as entire populations.

Growth arrest lines can result from

either dietary deficiencies or disease, however, the end product in
each case is the retardation of epiphyseal thickness.
nutrition resumes, normal growth patterns are restored.

Once adequate
In societies

in which individuals are severely malnourished throughout th e ir liv e s ,
transverse lines w ill not appear in the skeletal population unless
they are the result of disease agents.

According to Steinbock

(1976), i t is only in those societies in which regular periods of
starvation and good nutrition are combined that growth arrest lines
attributed to dietary deficiencies w ill be observable.

Transverse

lines offer a means whereby the environmental stresses experienced
by a population can be monitored.
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Infectious bone lesions may be the result of invasion and
subsequent inflanmiation of osseous tissqe by non-specific or specific
microorganisms.

Lesions resulting from the invasion of non-specific

parasites include chronic and acute osteomyelitis, p e rio s titis , and
pyogenic a r th ritis .

The periosteum marrow spaces, and in some cases

the bone it s e lf , may be affected by infectious microorganisms.
According to Brothwell and Sandison (1967), Jarcho (1966), Morse
(1969), and Steinbock (1976), the most common non-specific infectious
bone lesions observed in the skeletal remains of prehistoric popula
tions are those indicative of periostitis and osteomyelitis.
P e rio s titis , as defined by Stothers and Metress, is "any in
fective complication which takes place exterior to the cortex with no
involvement or destruction of the underlying cortex" (1975:3).

In an

external as well as cortical examination of the specimens exhibiting
lesions diagnostic of p erio stitis in the Fairty and Shaver H ill popu
lations, these authors were able to delineate two basic types of
p e rio s titis .

The f ir s t of these may be characterized by a plaque

lik e proliferation which only occurs external to the cortex.

Four

developmental stages were noted for type one periostitis by
Stothers and Metress.

They were:

1) very fin e , almost inperceptible, fib e r-lik e striations
which always run parallel to the longitudinal axis of the
shaft;
2) the formation of continuous but isolated bony plates,
separated by the intervening striations;
3) bridging-over of a number of these isolated bony plates
to form one continuous plaque-like formation;
4) thickening of the bony plaque through growth by
opposition (1975:5).
I t should be noted that in most cases of stage four lesions, Stothers
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and Metress observed a "developmental gradation" from the center
(usually stage four) of the lesion to the periphery (usually stage
one).

In addition, the most advanced cases were observed to involve

the underlying cortex.
In contrast to type one p e rio s titis , type two is characterized
by a "lesion of very fine porosity which covers the exterior surface
of the bone" (Stothers and Metress 1975:5).

The underlying cortex

is also unaffected by this disorder.
Unlike p e rio s titis , osteoiryelitis is an infective complication
associated with osseous changes in the marrow cavity of bone.

Infec

tion may result from a direct extension of the infection from the out
side or by carrying of the microorganisms through the blood stream.
In almost a ll cases, the parasite responsible for osteoiryelitic
lesions is pyogenic (Morse 1969).

According to Stothers and Metress

(1975), three basic types of osteomyelitis may be observed to occur in
prehistoric skeletal populations.

Primary and secondary osteomyelitis

are suppurative and d iffe r in that the former involves destruction of
the cortex outwards from the medullary cavity, while the la tte r is
destruction of the cortex from the exterior and continuing inward.
The third type of osteomyelitis suggested by Stothers and Metress,
sclerosing osteoniyelitis, is non-suppurative and "displays infective
complication from the in terio r with resultant thickening of the cor
tex" (1975:4).
In both p e rio s titis and osteon\yelitis, the most commonly
affected long bone in prehistoric populations is the tib ia (Morse
1969; Steinbock 1976).

At present, the exact reason(s) for this is
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unknown.

However, i t is suggested by Morse (1969), Steinbock (1976),

and Stothers and Metress (1975) that the possibility of infectious
microorganisms being carried through the blood stream as well as
poorer circulation associated with the extremities may be major
contributing factors.
The most commonly observed degenerative pathology in pre
historic skeletal collections is a r th ritis .

According to Steinbock,

'.'arthritis is a general term used when the joints themselves are the
major seat of rheumatic disease" (1976:227).
have been documented in clinical analyses.

Many forms of a rth ritis
In dealing with archaeo

logical material, however, the classification of a rth ritic diseases
is simplified due to the lim itations imposed as the result of
examining dried bone specimens (Morse 1969).

Evidence of a rth ritic

a fflic tio n in skeletal remains occurs in the form of osseous lipping
and eburnation.

The former is an ossification of cartilage on non

pressure bearing areas of a jo in t, while the la tte r is a wearing away
of bone on the pressure areas resulting in a shiny or pitted appear
ance.

In a paleopathological analysis of prehistoric skeletal re

mains, a case of a rth ritis may be diagnosed as one of the following:
traumatic a r th ritis , osteoarthritis, gout, infectious a r th r itis ,
vertebral osteophytosis, rheumatoid a r th ritis , or ankylosing
spondylitis (Steinbock 1976).
The remainder of this chapter w ill be devoted to a detailed
description of the skeletal pathologies observed in the LaSalle
ossuary collection.

In almost a ll cases, the descriptions presented

are based on observations of the external surfaces of the specimens
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under examination.

Five sections w ill follow; they include:

traumatic lesions, non-specific infectious lesions, degenerative
pathology, dental pathology, and non-specific lesions.
LaSalle Postcranial Pathologies
Traumatic Lesions
Four specimens within the collection exhibited lesions
characteristic of trauma.
healed bone fractures.

Of these, three, 75.0%, were probable

In addition, there was one possible com

pression fracture observed in an adult lumbar vertebra, possibly a
member of the L2-L4 group.
Descriptions of Traumatic Lesions
Specimen #0285 (Figure 7):

an adult right proximal half of

femur exhibiting a probable fracture of the neck.
neck region of the bone are missing.

The head and

There is distortion and

flattening of the portion of the neck which is s t ill attached to the
shaft.

There is no evidence that the head and neck fragment formed

a pseudo-arthrosis with this fragment.

The flattened, irregular area

of bone extends from the region of the lesser trochanter up beyond
the normal extension of the neck region.

This irregular extension

of bone measures approximately 55 mm in height.

A well developed

lip of bone, measuring approximately 45 mm by 25 mm, extends medially
and superiorly from the postero-medial surface of the bone at the
level of the lesser trochanter.

This lip of bone appears to have
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Figure 7.

An Adult Right Proximal Half of Femur Exhibiting
a Probable Neck Fracture
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grown outwards in an attempt to repair the jo in t area.

There are a

number of irregular, small erosions into the irregular bony area but
these do not appear to be the result of an infectious process.

Un

fortunately, the acetabulum that would have articulated with this
specimen was not recovered.
Specimen #0004 (Figure 8):

an adult right femoral midshaft

fragment measuring approximately 310 rrm in length.

The proximal end

of the bone is incomplete with the head, neck, greater trochanter,
and lesser trochanter regions being absent.

The distal portion con

sists of the area just above the medial and lateral condyles where
the linea aspera divides into the popliteal lin e .

There is a healed

midshaft break located a t approximately midshaft.

Complete disarticu

lation of both proximal and distal portions had occurred with articu
lation re -in itia te d postero-medially.

Articulation was accomplished

through normal callus formation and resulted in a displacement of
approximately 68 mm in length.

There were no apparent signs of

infection.
Specimen #0522 (Figure 9):

a complete adult right femoral

specimen measuring approximately 420 mm in length.
distal ends are complete.

Both proximal and

There is a healed midshaft break located

at the proximal one-third portion of the shaft.

The normal artic u la 

tion of proximal and distal ends had not been disturbed.
orientation of the shaft had shifted slightly medially.

However,
Callus

formation is normal with no apparent evidence of bone destruction
resulting from infectious processes.
Specimen #3999 (Figures 10 and 11):

an adult lumbar vertebra
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Figure 8.

An Adult Right Femur Exhibiting a Mid-shaft Break
with Considerable Displacement Observable
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Figure 9.

An Adult Right Femur Exhibiting a Healed Break
in the Proximal One-third Portion of the Shaft
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Figure 10.

Superior View of an Adult Lumbar Vertebra
Exhibiting a Possible Compression Fracture
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Figure 11.

In ferio r View of Specimen Presented in Figure 10.
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from the L2-L4 group.

This specimen measures 15 mm anteriorly and

48 mm posteriorly thus resulting in a wedge-shaped appearance.

There

is a fracture, approximately 20 mm in length, running from the pos
te rio r margin of the-superior surface of the body to the anterior
border.

This fracture measures 4 mm in width, posteriorly and 1.5 mm

at its most anterior margin.

The depth of the fracture is greater

posteriorly, 7 mm, than anteriorly, 2 millimeters.

There is a

lipping of bone, approximately 22 mm in width and 9 mm in height at
its widest and highest points on the anterior margin of the superior
surface of the body.

This lip of bone appears to have grown outwards

in an attempt to in itia te articulation with the above vertebra.
Superior articular facets are absent, however, the in ferio r articular
facets are present and appear normal.

The in ferio r surface of this

specimen is severely eroded with a buildup of bone, approximately
14 mm by 12 mm, located near the posterior margin of the vertebral
centrum.
Non-specific Infectious Lesions
Five specimens exhibited lesions characteristic of p e rio s titis .
Of these, four were diagnosed as type two p e rio s titis .

In each case

a fine porosity was observed to cover the exterior surface of the
bone.

The remaining specimen was diagnosed as exhibiting type one,

stage four p e rio s titis , distinguished by a plaque-like, developmental
gradation present on the external surface of the bone.

In a ll cases,

the affected bone was the tib ia .
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Description of Non-specific Infectious Lesions
Specimen #1769 (Figure 12):
360 mm in length.
malleolus.

an adult right tib ia measuring

This specimen is complete except for the medial

A plaque-like proliferation of bone c e lls , located at

approximately midshaft on the lateral exterior surface of the bone
was observed.

This area extends from the proximal two-thirds of the

shaft to the distal one-third.

A visual examination of this region

reveals a developmental gradation is apparent similar to that
described by Stothers and Metress (1975).

Centrally, there is a

relatively thick plate of plaque formation which decreases in thick
ness toward the periphery.

In addition, there is unusual swelling

and subsequent distortion of the anterior crest's normal appearance.
This inflamed area extends from approximately the proximal one-third
of the shaft to the most distal point on the specimen.
more extensive medially than la te ra lly .

Swelling is

The medullary cavity is

reduced in size and measures 10 mm in width at the most proximal
portion of the affected area and 7 mm d is ta lly .
Specimen #4283:
in length.

a complete adult le f t tib ia measuring 361 mm

There is a porous, inflamed area measuring approximately

50 mm by 11 mm medially and 16 mm by 5 mm la te ra lly , extending from
the midpoint of the anterior crest.

The lesion is located on the

proximal two-thirds of the shaft and extends to the distal one-third.
This specimen, due to the fine porosity which covers the exterior
surface of the bone, was diagnosed as exhibiting type two periost i t i s.
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Figure 12.

A Longitudinal Cross-section of an Adult Right
Tibia Exhibiting Considerable Periosteal Thickening
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Specimen #3000 (Figure 13):
measuring 391 mm in length.

a complete adult right tib ia

There is an inflamed area, porous in

appearance, approximately 21 mm in width and 9 mm in length on the
medial aspect of the anterior crest.

The lesion is located at the

proximal two-thirds portion of the shaft and appears to be
characteristic of type two p e rio s titis .
Specimen #3070:
in length.

a complete adult le f t tib ia measuring 375 mm

There is an area of periosteal inflammation on the pos

te rio r surface extending both medially and laterally- at the distal
one-third portion of the shaft.

The lesion is 15 mm in length with

a width of 9 mm and 10 mm, respectively, for the lateral and medial
surfaces of the shaft.

Based on an examination of the exterior sur

face only, this specimen was diagnosed as exhibiting a lesion possibly
characteristic of type two p e rio s titis .
Specimen #0290:
medial malleolus.

an adult le f t tib ia complete except for the

This specimen measures 357 mm in length.

An in

flamed area, porous in appearance, was observed on the lateral aspect
of the anterior crest a t the distal one-third portion of the shaft.
The lesion is 29 mm in length and 12 mm in width and appears to be
characteristic of type two p e rio s titis .
Degenerative Pathology
Osteoarthritis, in the form of lipping and/or eburnation,
accounted for a ll degenerative pathologies encountered.

A total of

nine specimens exhibited lesions characteristic of degenerative
processes.

Of these, six, or 66.7%, were vertebral specimens, one,
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Figure 13.

Anterior View of an Adult Right Tibia Exhibiting
Periosteal Inflammation Near the Anterior Crest
a t Midshaft
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11.1%, was a right femur, one, 11.1%, was a le f t patella, and one,
11.1%, was a mandible.
Description of Degenerative Lesions
Specimen #0522 (Figure 14):

a complete adult right femur

measuring 420 mm in length (also discussed in previous section of
this chapter).

There is an area of eburnation and pitting on the

distal portion of the anterior surface of the lateral condyle
measuring 16 mm in length and 7 mm in width.

Examined microscopically,

the region of eburnation is shiny in appearance.

Unfortunately,

there were no patellar specimens recovered which exhibited a com
plimentary lesion.
Specimen #4247 (Figure 15):

an adult le f t patella exhibiting

slight a rth ritic lipping on the medial margin of the articular sur
face.

This lip of bone is 9 mm wide and 3 mm high.

In addition,

there are three small areas of erosion in the upper medial corner of
the a rtic u la r surface.

The largest of the erosions is 4 mm by 3 mm,

the smallest is 1.5 mm by 1.0 mm, and the intermediate measures
3 mm by 2 mm.
Specimen #3997:
L2-L4 group.

an adult lumbar vertebra, possibly in the

This specimen consists of the vertebral body; spinous

process, transverse processes.
facets are missing.
vertebral body.

The superior and in ferio r articular

There is a moderate-sized lipping of bone on the

In addition, there is a slight lip of bone observ

able on the anterior border of the in ferio r surface.

The former

measures 6 mm by 3 mm, while the la tte r is 3 mm in length and 1.5 mm
in width.
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Figure 14.

An Adult Right Femur Exhibiting an Area of
Eburnation on the Anterior Surface of the
Lateral Condyle
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Figure 15.

An Adult Left Patella Exhibiting Slight A rth ritic
Lipping on the Medial Margin of the Articular
Surface
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Specimen #1362:
L2-L4 group.

an adult lumbar vertebra possibly from the

This specimen consists of the vertebral body, spinous

process, and in ferio r and superior artic u la r facets.

There is a

slight a rth ritic lipping observable along the anterior margin of the
in ferio r surface of the vertebral body.

The superior surface of the

centrum as well as the in ferio r and superior articu lar facets appear
normal.
Specimen #4000:

an adult f ir s t lumbar vertebra.

This

specimen is complete except for the spinous process and both
transverse processes.

There is a slight lip of bone, approximately

20 mm in length, located on the anterior margin of the superior sur
face of the vertebral centrum.

Both the in ferio r and superior

articular facets appear normal.
Specimen #3996:
L2-L4 group.

an adult lumbar vertebra, possibly from the

The vertebral body is complete.

Posteriorly, this

specimen consists of the superior articular facets and a very
fragmentary portion of the base of the spinous process.

There are

two slight to moderate lips of bone on the anterior margin of the
in ferio r surface of the vertebral body.

The largest of these

measures 13 mm in length by 6 mm in width at its widest projection.
The smaller of the two is 8 mm in length and 6 mm in width at its
widest margin.

The superior artic u la r facets appear normal.

Specimen #3992 (Figure 16):
sibly from the T8-T11 group.

an adult thoracic vertebra, pos

This specimen consists of a complete

vertebral body and both in ferio r articu lar facets.

There is a very

slight a rth ritic lipping observable along the anterior margin of the
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Figure 16.

An Adult Thoracic Vertebra Exhibiting Slight
A rth ritic Lipping Along the Anterior Margin of
the Right Rib Facet
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right rib facet.

The le f t rib facet as well as the in ferio r

artic u la r facets appear normal.
Specimen #0295:

a complete adult male mandible.

This speci

men exhibits marked a rth ritic erosion of the le f t mandibular condyle.
The right condyle appears normal.

There is a marked difference in

ramus height accompanied by a difference in gonial eversion develop
ment present on both sides.

The gonial eversion present on the le f t

side is more pronounced than that on the right.

The alveolus appears

normal with Ml and M2 present on both sides.
Dental Pathology
The dental pathology observed in the LaSalle skeletal
collection can be subdivided into three types:

caries, abscess,

and antemorten tooth loss.
Dental Caries
Caries is defined as "any necrotic p it in the enamel or
dentine equal to or greater in size than Koritzer's ('77) grade 1"
(Turner 1979:621).

A widely accepted explanation of the etiology

of dental.; caries is
M ille r's (1833a, b) "chemico-parasitic theory," according
to which acids formed by bacteria (e .g ., lactobacillus
acidophilus) from fermentable food debris (e .g ., carbo
hydrates) are largely responsible for the breakdown of
the coronal tissues of the tooth (Moorrees 1957:136).
Turner (1978) suggested that the types of caries indicative of highcarbohydrate diets are occlusal and other crown surface caries.

Root

caries, on the other hand, are the result of a wasting process
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attributed to old age.

Therefore, examining the percentage of crown

caries in prehistoric skeletal populations can be a useful tool in
supplementing archaeological information concerning economy and
diet (Turner 1978, 1979).
The Late Woodland is an archaeological time period character
ized by an economy in which cultigens played an increasingly im
portant role (Fitting 1970).

During this period, corn, a high-

carbohydrate food source, was being exploited in conjunction with
other cultigens such as beans and squash (Stothers and Yarnell 1976;
Yarnell 1964).

According to Stothers (1980), no direct evidence, in

the form of carbonized corn remains, has been recovered from the
LaSalle site archaeological debris.

However, the occurrence of

pottery vessels suggestive of maize u tiliz a tio n and the recovery of
f* *

•

carbonized corn from temporally and geographically similar sites
(Williams, 33-W0-7B; Fort Meigs) has led Stothers to postulate that
maize agriculture was also being employed by the LaSalle inhabitants.
The following w ill be an attempt to provide biological information, in
the form of caries percentage, concerning the economy and diet of the
LaSalle ossuary population.
The percentage of both occlusal and a ll crown surface caries
for adult maxillary and mandibular teeth are presented in Table 6.

An

examination of these results reveals that 11.2% of a ll teeth exhibited
occlusal caries and 20.4% of the recovered specimens were noted to
have crown surface caries.

Of the examined specimens, molars (both

upper and lower) showed the highest incidence of caries formation in
both categories.

Third mandibular molars accounted for the highest
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Table 6

Percentage of LaSalle Adult (Sexes Pooled) Occlusal
and All Crown Surface Caries

Tooth
Maxilla

No.

Occlusal iCaries
Frequency

%

Sexes Pooled
All Crown Surface Caries
Frequency

%

11
12
C
PI
P2
Ml
M2
M3
Total

7
4
9
9
13
23
13
11
89

0/7
0/4
0/9
0/9
1/13
3/23
2/13
0/11
6/89

0.0
0.0
0.0
0.0
7.7
13.0
15.4
0.0
6.7

0/7
0/4
0/9
0/9
5/13
5/23
3/13
0/11
13/89

0.0
0.0
0.0
0.0
37.5
21.7
23.1
0.0
14.6

Mandible
11
12
C
PI
P2
Ml
M2
M3
Total

4
3
7
6
8
18
18
8
72

0/4
0/3
1/7
0/6
1/8
5/18
3/18
2/8
12/72

0.0
0.0
14.3
0.0
12.5
27.8
16.7
25.0
16.7

0/4
0/4
1/7
0/6
1/8
7/18
6/18
5.8
20/72

0.0
0.0
14.3
‘ 0.0
12.5
38.9
33.3
62.5
27.7

161

18/161

11.2

33/161

20.4

Total
(overall)
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percentage of crown surface caries, 62.5%, and maxillary third molars
expressed the lowest frequency, 0.0 percent.

The upper second molar

exhibited the highest caries percentage, 23.1%, of the teeth of the
maxillary dentition.
A comparison of the results obtained through an examination of
the LaSalle dental remains with the data presented by Turner (1979)
for other North American prehistoric skeletal populations indicates
that the LaSalle overall crown surface caries percentage of 14.9
fa lls within the range suggested for an agricultural economy (see
Table 7).

Furthermore, the LaSalle data appear to express a higher

frequency than a ll other temporally similar populations.

The group

in Table 7 which approximates the LaSalle percentage more closely
than a ll others is Angel Village with a caries frequency of 10.3
percent.
I t should be noted, however, that the higher overall crown sur
face caries percentage calculated for the LaSalle population in com
parison with that of other temporally and geographically similar
groups can p a rtia lly be attributed to the unusually high frequency of
caries observed in mandibular third molars.

Agenesis of the third

molar in some populations would reduce the overall percentage when
compared to those in which a majority of the individuals possess
third molars, both maxillary and mandibular.

In addition, enamel

thickness, which is genetically determined, as well as age of the
individuals, should be taken into consideration.

Ideally, compari

sons should be conducted between populations which are genetically
related and employ varying types of subsistence patterns.
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Table 7

The Percentage of Carious Teeth (Upper and Lower Dentition) for Adults (Sexes Pooled)
in Cultural Groups with Different Economies*

of the copyright owner.

Type of Economy

Cultural Group

Hunting and
• gathering

Old Copper
Indian Knoll
Indian

Location
Wisconsin
Kentucky
California

Further reproduction
prohibited without permission.

Time

No. of
Teeth

Percent
Carious

Source

5600 BC
8000 BC
Skeletal

232
912
438

0.4
0.4
1.6

Herrala 1961
Herrala 1961
Klasky and
Klatell 1943

1582

0.8

AD
AD
AD
AD

182
868
513
434
1997

8.2
7.4
10.3
2.6
7.2

Herrala
Herrala
Herrala
Herrala

Nickens 1974
Robinson, 1976
Ryan 1977
Ryan 1977
Ryan 1977
Swanson 1976

Total
1600
1300
1300
1800

Mixed

Oakwood, MD
Dickson, MD
Angel Village
Sauk
Total

Indiana
Indiana
Indiana
Illin o is

Agricultural

Puebloan
Puebloan
Puebloan
Puebloan
Hopi
Gran Quivira
Total

Mancos Canyon
Mancos Canyon
NE Arizona
NE Arizona
Old Walpi, AZ
New Mexico

c .1200 AD
c.1200 AD
Pueblp I I
Pueblo I I I
Pueblo IV
Skeletal

353
266
225
1027
1707
1817
5395

6.5
4.9
7.1
15.0
6.3
15.2
10.9

LaSalle

Ohio

c.1300 AD

161

20.4

*A11 data other than that recorded fo r LaSalle were extracted from Tanner (1979),
American Journal of Physical Anthropology, 52:625.

1961
1961
1961
1961
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The biological information presented in the above paragraphs
for the LaSalle ossuary collection does not conflict with the
archaeological viewpoint of Fitting (1970) that during the Late Wood
land, changes in settlement patterns and s ty lis tic traditions as well
as increase in population densities were p a rtia lly the result of the
introduction and e ffic ie n t u tiliza tio n of agriculture.

The percent

age of crown surface caries observed in the LaSalle dental material
is highly suggestive of a diet consisting of a high-carbohydrate food
source, possibly corn.
Abscess Formation
An abscess may be defined as a "pyogenic infection of the
alveolus surrounding the root of a tooth as a result of bacterial in
vasion of the internal part of the tooth" (Sullivan 1977:75).

Three

factors which may contribute to abscess formation are trauma, caries
formation, and crown deterioration due to a ttritio n .

Only one speci

men within the LaSalle ossuary collection exhibited lesions indicative
of abscess formation.
Specimen #0855:

a complete adult male mandible.

There is an

area, porous in appearance, just below the root socket of the right
mandibular second molar.

This porosity measures approximately 10 mm

in length and 6 mm in width.

The mandibular right second molar was

apparently lost postmortem and therefore an assessment of whether the
abscess was induced as a result of trauma, crown a ttr itio n , or caries
formation cannot be made.

The alveolar socket of the second mandi

bular molar as well as the mandibular condyles and coracoid processes
appear normal.
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Antemortem Tooth Loss
Antemortem tooth loss may be characterized by alveolar re
sorption of the maxilla or mandible and attributed to the aging pro
cess.

Only one specimen within the LaSalle collection exhibited

lesions characteristic of antemortem tooth loss.
Specimen #1359:

an adult male mandible complete except for

the le f t mandibular condyle.

This specimen exhibited antemortem loss

of the right and le f t second molar and le f t third molar.

There is

alveolar resorption evident in the region of the right second molar
and le f t second and third molars.

The alveolar socket for the le f t

third molar is tilte d slightly medially.
right mandibular condyle appear normal.

Both coronoid processes and
All teeth have been lost

postmortem except for the right canine.
Non-specific Lesions
Specimen #0793:

an adult (sex unknown) skull vault fragment

with a maximum cranial length of 182 mm and maximum cranial breadth
of 129 mm.
specimen.

A cranial index of 70.9 mm was calculated for this
There is premature closure of the entire length of the

lambdoidal suture on its right side.

The right parietal bone appears

underdeveloped in comparison to the l e f t , giving the specimen a lop
sided or asymmetrical appearance characteristic of plagiocephaly.
Normally, a typical plagiocephalic skull is the result of the
premature closure of the coronal suture (Brothwell 1963; El-Najjar
and McWilliams 1978; Morse 1969).

In this specimen, however, the
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coronal as well as sagittal sutures appear normal.

Although the

etiology of plagiocephaly is not at present known, this condition
has been suggested to be the result of the differential growth rates
of various bones of the cranium (El.-Najjar and McWilliams 1978).
Numerous small wormian bones were also observed to occur along the
length of the sagittal suture.
Summary
The paleopathology observed in the LaSalle skeletal collect
tion may be considered representative of the following general
categories:

(1) post cranial traumatic lesions, (2) post cranial non

specific infectious lesions, (3) post cranial degenerative lesions,
(4) dental caries, (5) dental abscess, (6) antemortem tooth loss,
and (7) non-specific lesions.

Of the four specimens suggested as

exhibiting lesions diagnostic of trauma, 3 or 75% were adult femora.
All three femora were diagnosed as exhibiting lesions indicative of.
healed fractures or breaks.

The remaining specimen, an adult lumbar

vertebra, exhibited lesions characteristic of a compression fracture.
Type one and type two p erio stitis accounted for the only non
specific infectious pathology noted in the LaSalle sample.

In a ll

fiv e cases diagnosed as exhibiting either form of p e rio s titis , the
infected bone was the tib ia .
A total of nine specimens were observed to express lesions
characteristic of a r th ritis .

Of these, 66.7% (6) were adult verte

bral specimens, 11.1% (1) were right femora, 11.1% (1) were le f t
patella, and 11.1% (1) were mandibular specimens.

In a ll cases,
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a rth ritic lipping and/or eburnation accounted for a ll lesions noted.
Dental pathology observed include dental caries, abscess
formation, and antemortem tooth loss.

Crown surface caries were

noted in 14.9% of the LaSalle specimens.

This is highly suggestive of

a subsistence economy relying upon a high-carbohydrate food source.
Antemortem tooth loss and abscess formation were each noted in only
one specimen.
One specimen within the collection, an adult skull cap, was
diagnosed as being plagiocephalic.

Premature closure of the lambdoidal

suture on its right side apparently resulted in the characteristic lop
sided or asymmetrical appearance observed in typical plagiocephalic
skulls.

The use of cradle boards by several American Southwest cul

tures has been reported to produce cranial changes similar to that of
plagiocephaly (E l-N ajjar and McWilliams 1978).

However, distortion

of the skull due to premature closure of sutures, is probably much
less frequent in prehistoric collections than previously thought
(Brothwel1 1963).
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CHAPTER I I I

METRIC AND NON-METRIC ANALYSIS
Introduction
In recent years, metric and non-metric data gathered from
skeletal collections have provided valuable information by which
biological relationships between human populations can be determined.
However, a review of the physical anthropological lite ra tu re from
present and past decades indicates that an apparent difference of
opinion exists as to which is a better genetic marker system and
therefore more appropriate in population distance analyses.
Bielicki (1962) suggests metric characteristics are polygenic
(under the control of several genes), and therefore display a
re la tiv e ly low sensitivity to the action of selection, mutation and
genetic d r if t .

Consequently, metric tra its would seemingly render

themselves quite nicely to the observer assessing biological a f f in i
ties between human populations as they remain relatively stable with
in a population.
Reports of the environmental effect upon metric character
istics are conspicuously lacking in the lite ra tu re .

However, this

does not necessarily indicate that environmental stimuli do not play
a role in the expression of these tr a its .

Future studies assessing

the prenatal and early postnatal consequences of dietary, biochemical,
climatic and cultural stress upon bone growth and formation are
94
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required i f we are to continue discounting any explanation other than
genetic influence upon continuous tr a its .
Unlike metric osteological analysis, the use of non-metric
tra its in human skeletal population studies is the center of much
debate.

The controversy centers upon the relative influence of

genetic versus environmental factors in the expression of these
tr a its .

Morphological characteristics can be used to discriminate

between populations as they have provided a quantifiable skeletal
t r a it and therefore are assumed to qualify as a good genetic marker
system (C. A. Berry 1974).

Furthermore, the extensive use of non

metric tra its (B a ilit, Brown, and Kolakowki

1975; Baume and Craw

ford 1978; A. C. Berry 1974; Brewer-Carias, LeBlanc, and Neel 1976;
Birkby 1973; Carpenter 1976; Chevrud 1978; Corruccini 1972, 1976a;
Corruccini and Ortner 1976; Dodo 1974; Finnegan 1974; Gaherty 1974a,
1974b; Kaul, Anand and Corruccini 1979; Lane 1976; MacWilliams 1972;
Ortner and Corruccini 1976; Ossenberg 1969, 1974, 1976, 1977;
Pietrusewsky 1978; Riggs and Perzigian 1977; Saunders 1977; Sjjlvold 1973,
1975, 1975b, 1977; Spence 1974; Suchey 1975a, 1975b; Zegura 1975) to
test a ffin itie s between non-extant populations tends to support the
popular contention of the genetic, rather than environmental influence
upon the expression of skeletal morphological variants.
Suchey (1976) reports that the widespread b e lie f of a princi
pally genetic basis of non-metric tra its is an assumption based
largely upon the hope for a reliable method to demonstrate genetic
distance.

Further review of the lite ra tu re , however, tends to dispel

this hope as considerable evidence supports the effects of
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environmental forces upon the presence or absence of morphological
tr a its .
Most noteworthy, Trinkaus (1978) assesses the relative roles
of environment and genotype in the expression of non-metlric
characteristics based on the incidence of asymmetry among bilateral
tr a its .

The results of Trinkaus' study show that the frequency of

asymmetry within his population samples is re la tiv e ly high.

This

high occurrence of asymmetry would therefore indicate asymmetrically
applied environmental stress (Trinkaus 1978).
This view of bilateral symmetry contradicts that of R. J.
Berry (1968).

The la tte r author regards the problem of asymmetry

linked to slightly differing genetic thresholds in the expression of
unilateral and bilateral skeletal non-metric tr a its .

Genetic stress

from inbreeding, for example, would act upon these thresholds and,
therefore, the expression of these tr a its .
Kenneth A. Bennett's 1965 study of the etiology of wormian
bones, provides evidence to support the viewpoint that the expression
of non-metric characteristics is influenced by environmental stress.
Wormian bones, usually found in the lambdic region of the cranium,
occur frequently in most human populations.

Bennett (1965) suggests

the occurrence of such ossicles are not under direct genetic control,
but instead represent secondary sutural characteristics that are
brought about by stress.

This stress can be produced by a number of

factors, such as a r tif ic ia l cranial deformation, basi-occiput length,
and pathological conditions; a ll of which influence head shape.

The

formation of wormian bones and their variable expressivity appear to
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be due to the type and amount of stress placed on the lambdoidal
suture during the la te fe tal and early postnatal periods of bone
growth (Bennett 1965).

A high correlation between the occurrence of

wormian bones and basi-occiput length in Bennett's samples seems to
indicate that these ossicles are not s tric tly inherited, but instead
their appearance depends, in part, on the growth and development of
the basi-occiput.
Other researchers have also addressed the question of the
etiological background of wormian bones.

Finkel (1971) supports

Bennett's argument that wormian bones are formed mainly due to en
vironmental stress.

Hess (1945), as cited by Corruccini (1974), has

attributed such ossicles in the lambdic region of the cranium to a
metabolic disorder of the mesoderm.
Although there appears to be some controversy surrounding the
exact etiological mechanism influencing the appearance of wormian
bones, the general consensus is that they are formed not only by
genetic inheritance, but also from some form of environmental stress.
Suchey (1976),as well as Corruccini (1974, 1976), suggests
that v a ria b ility in expressions of non-metric tra its tends to support
the environmental influence theory.

Specifically, Corruccini (1974)

postulates that developmental abnormalities, such as hyper- and hypoostosis, induce the variable frequencies of non-metric attributes
such as fossae, tori and tubercles.
Much of the evidence pointing to the genetically influenced
expression of non-metric variants has been obtained from the study of
non-human populations.

Gruneberg (1952), investigating non-metric
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characteristics in the domesticated mouse, reports that these tra its
are influenced by an underlying genetic basis and their expression
may be determined by a physiological threshold.

This threshold may

vary in different populations and manifest its e lf in a phenotypically
unique manner with varying degrees of environmental stress.

This

view of a more subtle environmental effect does not conflict with
either of the polemic views.

Indeed, the evidence noting an environ

mental influence appears consistent with Gruneberg's physiological
threshold concept.

According to El-Najjar and McWilliams (1978);

Doel, Gruneberg, Seale and Truslove (1957) u tilize d inbred strains
of mice with known genealogies to examine the incidence of non-metric
tra its in successive generations.

The results obtained from this

study correspond with the polemic v-iew of environmental stress as a
major contributing factor in the expression of morphological tr a its .
Berry and Berry (1967), using non-human population research as
a basis, contend that morphological variants result from normal
developmental processes and are genetically determined.

This con

clusion was based on the following three assumptions:
(1) genealogical studies have shown that discontinuous
tra its are inherited by a dominant gene with incomplete
penetrance; (2) the frequency of any particular variant
is consistent in a given race, and is similar in related
races; (3) discontinous variants in the skeleton of the
mouse have been proven morphologically analogous to those
in man (Berry and Berry 1967:361).
The evidence supporting environmental stress as an influencing
mechanism of non-metric characteristics is persuasive; but i t does
not rule out the possibilities of genetic inheritance.

Yet, as

Trinkaus (1978) acknowledges, the purely genetic model of the Berrys
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is particularly d iffic u lt to reconcile.

Retention of the solely

genetic view appears to be as Suchey (1976) suggests, in the hopes
for a valid test of genetic distance and the reluctance of some
authors to acknowledge other mitigating factors which would question
previous research.

This, along with an incomplete understanding in

the fie ld of human genetics, has hindered future research in this
area.

Further understanding of bone growth and development and the

manifestations of those particular characteristics which lend them
selves well to anthropometric analysis w ill no doubt necessitate the
unraveling of these genetic/environmental components.
Other research concerning the genetic distance factors of non
metric and metric tra its suggest that morphological characteristics
generally are better suited than metrical variants to the determina
tion of genetic relationships between human populations (Boyd 1950).
However, Carpenter (1976) indicated that 75% of the most significant
indicators of genetic a ffin ity in his samples are metric tr a its , even
though the nasal s ill sharpness is superior to a l l .

?

A D analysis

calculated by Rightmire (1972) on cranial measurements yielded re
sults in harmony with the picture obtained from lingu istic and his
torical evidence, but non-metric characteristics produced quite
different results.
In many osteological analyses, especially those dealing with
ossuary material, the researcher is faced with poorly preserved and/
or fragmentary conditions.

The use of metric data in genetic dis

tance analysis necessitates the use of re la tiv e ly complete specimens
from which measurements can be obtained.

Therefore, in situations
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where the skeletal material, both cranial and postcranial, is
fragmentary, metric analysis either cannot be undertaken or a
tremendous amount of metrical information is lost in the process.
In cases such as th is , the researcher must u tiliz e non-metric
variants as population a ffin ity indicators.

Although the exact de

gree to which non-metric tra its are under genetic control is in
doubt, these variants nonetheless offer a valuable means to f a c i l i 
tate population distance studies where metric data is sparse or un
obtainable and should be u tiliz e d with caution.
Most of the information in the lite ra tu re pertaining to metric
and non-metric variants is in reference to cranial material (Bass
1971; Birkby 1973; Brothwell 1963; DeVilTiers 1968; El-Najjar and
McWilliams 1978; Hrdli^ka 1952; Montagu 1960; Ossenberg 1969, and
others).

Very few studies have dealt with the morphological and

metric characteristics of the postcranial skeleton.

Finnegan (1978),

Bass (1971), Anderson (1969), and Wilkinson (1971) have studied both
metric and discontinuous variants of the postcranial skeleton.

The

material and methodology presented in these studies has proven use
ful in the analysis of this ossuary collection because of the under
representation and fragmentary nature of the cranial remains.
The LaSalle material consists of both cranial and postcranial
remains; however, the number of long bone specimens is fa r greater
than the recovered cranial material.

This overabundance of post

cranial specimens a t the expense of cranial remains may be due to a
number of factors.

F irs t, i t is possible that another, as yet undis

covered, ossuary or burial area exists at LaSalle which contains the
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"missing" cranial fragments.

Second, i t is lik e ly that only certain

portions of the skeleton were included in the fin al ossuary by the
LaSalle inhabitants.

The skulls of subadult individuals are not as

lik e ly to be preserved due to their fr a g ility .

The minimum number

of individuals represented estimated by dental analysis, 22 (S ciulli
and Murray 1980), is significantly lower than that number obtained
through postcranial analysis, 53.

A review of the data reveals that

the number of subadult individuals is much lower than expected based
on the figures derived in the postcranial analysis.

In addition,

the percentage of adults represented by cranial remains was 50 per
cent.

Thus, i t seems possible that a percentage of the adult cranial

material and subadult remains were interred elsewhere.

However, the

exact location of such a burial area and the age and sex categories
of the "missing" individuals cannot, as y et, be determined.
Although a biological comparison between the LaSalle site and
others geographically and temporally dissimilar w ill not be undertaken
due to the lack of osteological information available for Wolf Phase
sites, I w ill present a ll metric and non-metric data to hopefully
assist future genetic distance analyses.

The remainder of this

chapter w ill be devoted to a description of the metric and morphologi
cal characteristics of the inhabitants of the LaSalle s ite .
Cranial Non-metric Analysis
All male and female adult crania from the LaSalle skeletal
series were scored for a total of 40 non-metric variants, following
the descriptions presented by DeVilliers (1968), Suchey (1975),

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

102

Ossenberg (1969), Berry and Berry (1967), and Anderson (1969).

Due

to the fragmentary nature of the cranial remains and the u n reliab ility
of sex determination based on single or isolated characteristics, the
frequencies calculated have not been differentiated according to sex.
A total of 16 specimens were complete enough to warrant a male/female
distinction.

Establishment of sex was made on the basis of overall

morphological characteristics such as brow rugosity, robustness of
muscle attachment areas, and general size (see Chapter 2).
To minimize the effect of age-related variations as suggested
by Ossenberg (1969, 1970, 1974), Korey (1980), Birkby (1973), Buikstra
(1972), Carpenter (1976), Corruccini (1974) and Sawyer, Allison,
Elzay, and Pezzia (1978), only those specimens which exhibited adult
characteristics, such as complete development of the mastoid process
and/or evidence of spheno-occipital synchondrosis, were included in
the analysis.

In some cases, however, such as those in which speci

mens consisted solely of portions of the sphenoid, adult status was
assumed i f fusion of a ll portions had occurred.
Bilateral tra its were scored fo r both sides and those frag
ments from the right or le f t side only were included in the
appropriate side tabulation.

All data were collected by the author

to reduce the amount of interobserver error.
Craniometric Analysis
As in the recording of the cranial non-metric variants, only
adult specimens were u tiliz e d in the cranio-metric analysis.

A total

of seven cranial measurements were taken; these were maximum cranial
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length, maximum cranial breadth, minimum frontal breadth, basionnasion, basion-bregma height, foramen magnum length (basion-opisthion),
and foramen magnum breadth.

The descriptions presented by Bass (1971),

Montagu (1960), and Hrdlicka (1947) were employed in recording a ll
cranio-metric data.

I t should be noted, however, the amount of

biological information obtained from the metric analysis is quite
limited due to the fragmentary nature of the specimens.
Based on the recorded cranio-metric data, several cranial in
dices were calculated.

These indices include the cranial index,

cranial length-height index and cranial breadth-height index.
Formulae were taken from Bass (1971), El-Najjar and McWilliams
(1978), Brothwell (1963), Montagu (1960), and Hrdlfcka (1947).

Re

sults are presented in Table 8.
Of the 11 specimens complete enough to obtain cranial index
values, 45.4% were within the range referred by Bass (1971) as
brachy-cranial (broad or round headed).

Narrow or long headed skulls

(dolicho-cranial) were observed in 27.3% of the crania.

In addition,

27.3% of the skulls had a calculated cranial index value in excess of
90.

These la tte r three crania were extremely short and broad, and i t

is possible that either these skulls represent an unusual biological
characteristic of the LaSalle inhabitants or they represent evidence
of unintentional cranial deformation, such as that observed due to
the use of cradle boards.

Possible morphological evidence of the

la tte r alternative is the unusual flattening observable in the
occipital region of a ll three specimens.

Due to the small sample

size a definitive explanation cannot be presented.
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Table 8
Calculated Cranial Indices*

Specimen
Number

Cranial
Index

Cranial Lengthheight Index

Cranial Breadthheight Index

0890

90.5

77.5.

85.6

1357

92.0

71.0

77.2

2407

81.3

4142

80.0

0793

70.9

3717

84.8

3782

72.3

4286

83.4

72.0

86.3

3702

69.9

1768

91.9

81.3

88.4

0284

80.8

68.4

84.6

*A11 measurements recorded in millimeters.
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In addition to cranial indices, cranial capacity for a total
of five specimens was estimated employing the formulae presented by
Comas (1960).

Calculated values are presented in Table 9.

The range

of cranial capacity estimates obtained for male specimens is 1425.6
cc to 1263.0 cubic centimeters.

Only one female specimen was com

plete enough to compute a cranial capacity estimate.

This cranium

had a recorded cranial capacity of 1289.8 cubic centimeters.

The

probability that the values presented above are close approximations
of the overall male/female cranial capacities in the LaSalle skeletal
series is quite low given the extremely small sample size.
Postcranial Metric Analysis
Only adult specimens were included in the final postcranial
metric analysis of the LaSalle skeletal series.

However, the maxi

mum length of immature long bones was obtained in cases where the
available material was complete enough to warrant measurement.

All

subadult diaphyseal length data gathered by the author were used in
subadult age determination (see Chapter I I ) .
In a recent study conducted by P fe iffe r (1980) i t was shown
that the maximum length and width of humerii do not reach adult
proportions until a fte r complete fusion of the proximal epiphysis
has occurred, i . e . , 17-25 years (Sundick 1972).

Therefore, in order

to reduce the amount of error that would result i f young adults were
included in the fin a l analysis, a ll specimens in which a visual
proximal fusion line was apparent were excluded from the adult
analysis.
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Table 9

Cranial Capacity Estimates for LaSalle Males and Females Obtained
Employing the Formulae Presented by Comas (1960)

Specimen
Number

Cranial
Height*

Cranial
Breadth*

Basion-bregma
Height*

0890

169.0

153.0

131.0

Male

1425.6

3573

162.0

149.0

115.0

Male

1263.0

4286

175.0

146.0

126.0

Male

1381.0

1768

160.0

147.0

130.0

Male

1338.0

0284

177.0

143.0

121.0

Female

1289.8

Sex

Cranial
Capacity**

*Recorded in millimeters.
**Recorded in cubic centimeters.
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The amount of metrical information obtainable from each bone
category ( i . e . , femur, tib ia , pelvis, e tc .) varied in accordance with
the metric variants discussed in the physical anthropological
lite ra tu re .

In addition, the postcraniometric data acquired was lim-

ited'due to the fragmentary nature of the: specimens available for
examination.

Measurements were taken following the descriptions

presented by Bass (1971), Stewart (1979), Anderson (1969), and
Brothwell (1963).
Femoral shaft circumference data were collected for a ll.a d u lt
right femoral specimens following the descriptions of Black (1978a).
The metrical information derived was employed in the sex determina
tion of adults.

For a detailed description of the sexing procedures

u tiliz e d , the reader is referred to Chapter I I .
Stature of the LaSalle inhabitants was calculated employing the
formulae presented by Trotter and Gleser (1952, 1958) and Trotter
(1970).

Only adult femora were u tiliz e d .

taken for two reasons.

This procedure was under

F irs t, these specimens represented the bone

of highest frequency in the adult age category.

In order to ensure

the accuracy of the population s ta tis tic s derived, only those speci
mens employed in the estimation of the number of individuals present
were included in the analysis.

Second, an essential prerequisite to

the application of the Trotter and Gleser technique is the determina
tion of gender.

Sexing was accomplished with an acceptable degree of

accuracy in adult femora, as previously mentioned, employing Black's
shaft circumference technique.
Stature estimates obtained for males and females are presented
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in Appendix K.

Male and female ranges were calculated to be 63.6

inches to 70.5 inches and 62.6 inches to 65.5 inches, respectively.
However, i t should be pointed out that only nine male and three fe 
male specimens were employed in the analysis.
Platymeric and platycnemic index values were also calculated
for the inhabitants represented in the LaSalle ossuary.

I t is sug

gested by Brothwell (1963) that platymeria or anterior-posterior
flattening of the proximal femur and platycnemia (transverse f l a t 
tening of the tib ia ) could be of value in the metric analyses of pre
historic populations.

Bass (1971) states th a t, in particular, the

platymeric index can be employed as a valuable population indicator.
Several possible explanations for the occurrence of platymeria
in prehistoric populations are given by Brothwell (1963).

These

i nclude:
(1) A mechanical adaptation, involving the economic use of
material with sufficient strength to support body weight
acting on the inclined femur neck,
(2) unwonted strain on the femora during childhood and early
adolescence, and
(3) a shortage of bone m aterial, believing that such bone
inadequacy might have been caused by calcium or vitamin
deficiency (p. 91).
Brothwell further states that platymeria is possibly more common in
females than males, more pronounced on the le f t than right side and
occurs more frequently in "modern prim itive groups and early man"
(1963:92).
Platycnemic index values are also useful tools for differen
tia tin g human groups based on metrical information.

However, the

amount of inter-population v a ria b ility is not as pronounced as that
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observed in platymeric index values.

The possible explanations for

the occurrence of platycnemia include those invoking muscular and
pathological factors and those which consider platycnemia a result
of "the persistent adoption of the squatting attitude when at rest,
with the retroversion of the upper end of the bone"(Brothwell 1963:
92).

I t should be noted that according to Brothwell (1963) there is

no apparent association between the occurrence of platymeria and
platycnemia.
Calculated platymeric and platycnemic index values are
presented in Appendix L and Appendix M, respectively.

Due to the

in a b ility to associate tibiae and femora with the same individual, a
comparison of the platymeric and platycnemic results was not conducted.
I t is quite possible that a percentage of tibiae represent a different
group of LaSalle inhabitants than is represented by the right femoral
sample.
The average playtmeric index value fo r right and le f t adult
femoral material is 76.4 mm and 75.2 mm, respectively.

Both values

f a ll within the range suggested by Bass (1971) and Brothwell (1963)
for American Indians.

Average male and female index values for only

adult right femoral specimens is 78.6 mm for males and 75.3 mm for
females.

Only six males and nine females were employed in the cal

culation (see Appendix N).
Platycnemic index values could not be differentiated according
to sex due to the absence of an available tib ia ! sexing technique.
Therefore, only the average right and le f t means could be computed.
The calculated mean platycnemic index values for right and le f t
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specimens are 64.2 mm and 62.9 mm, respectively.

According to Bass

(1971) as well as Brothwell (1963), the former fa lls within the range
referred to as mesocnemia while the la tte r is at the extreme lim its
suggested for platycnemia.. A total of 21 le f t and 17 right specimens
were included in the tabulations.
Postcranial Non-metric Analysis
The presence or absence of a total of 58 non-metric variants
of the postcranial skeleton were recorded for a ll adult male and fe 
male specimens represented in the LaSalle ossuary collection, f o l
lowing the descriptions presented by Anderson (1963, 1969), Bass
(1971), Finnegan (1978), Brothwell (1963), and Wilkinson (1971).
Subadult specimens were excluded from the final postcranial non
metric analysis to ameliorate the amount of error attributed to agerelated variation.
both, sides.

In addition, bilateral tra its were recorded for

All data were collected by the author to reduce the

amount of interobserver error.

Frequency results for a ll post-

craniometric, craniometric, and postcranial and cranial non-metric
variants are obtainable from the author upon request.
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CHAPTER IV
SUMMARY AND CONCLUSIONS
LaSalle is a single component, Late Woodland Wolf Phase
(A.D. 1250-1450) archaeological site located in northern Ohio.

The

material analyzed in this report is a secondary ossuary consisting of
the skeletal remains of approximately 53 individuals.

Of these, 21

(39.6%) were determined to be of subadult status, while 32 (60.4%)
were adults.

The re la tiv e ly smaller percentage of subadults compared

to adults can p a rtia lly be attributed to infant underrepresentation.
In addition, lim itations associated with ascertaining the number of
immature individuals represented as well as problems in subadult age
determination contributed to the lack of infants determined to be
present.

The poor recoverability of immature material must also be

taken into consideration.
Of the total number of sexable adult individuals (21), 61.9%
(13) were assessed to be males and 38.1% (8) were determined to be
females employing femoral shaft circumference analysis.

The apparent

departure from the theoretically expected adult sex ratio of 1:1 may
be the result of several factors.

F irs t, due to the small sample

size, modification of the ranges suggested by Black (1978a) could
not be employed.

The in a b ility to establish population specific sex

ranges for femoral shaft circumference may have p a rtia lly attributed
to the observed unequal sex ra tio .

Second, i t is also possible that

the difference noted in the percentage of males and females is a
111
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product of the small sample size employed.

Third, the in a b ility to

consistently determine the exact point of measurement suggested by
Black (1978a), due to the fragmentary nature of the m aterial, may
have also contributed to the lower than expected percentage of fe 
males.

Finally, i t is also possible that males are actually more

numerous in the LaSalle collection.
Paleopathological analysis revealed no evidence which suggested
these individuals suffered from severe dietary inadequacies.

A

re la tiv e ly high frequency of dental caries (20.4%) was observed.
This may be indicative of a subsistence economy largely consisting
of high carbohydrate foodstuffs.

The majority of the postcranial

pathological lesions observed were diagnosed as resulting from trauma,
non-specific infection (p e rio s titis ), and degeneration (a rth r itis ).
Advanced degrees of healing were noted in two specimens exhibiting
fractures of the femoral shaft.
Cranial and postcranial non-metric and metric attributes ex
pressed in the LaSalle population were recorded.

However, a distance

analysis was not conducted between LaSalle and other groups.

The

collection of such biological information was accomplished to
fa c ilita te future a ffin ity analyses.

At present, however, such data

from other Wolf Phase sites is lacking.

As a result of the small

sample sizes available a t LaSalle, additional skeletal information
from other temporally and geographically comparable sites is needed
i f distance analyses are to be conducted.

I t is possible that with

the acquisition of additional osteological data and subsequent
a ffin ity assessments, the results reported here may provide new
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insights into the archaeological problems in this area such as that
of Upper Mississippian intrusion proposed by Stothers and Pratt
(1980).
A biological analysis of ossuary burials is admittedly limited
in a number of respects.

However, due to the development of new aging

and sexing techniques, the amount of biological data recoverable has
greatly increased.

Unfortunately, the amount of paleodemographic in

formation obtainable from the LaSalle collection was lim ited, p ri
marily, as a result of inadequate sample sizes.

The in a b ility to

sex subadult individuals within a satisfactory range of accuracy
restricted the acquisition of growth data from the population.
The small sample sizes employed in the present paleodemographic
analysis cannot only be attributed to the amount of material actually
recovered and the fragmentary nature of the specimens, but also the
in a b ility to u tiliz e provenience in associating bones of the same
individual.

Although the inclusion of individuals in the comnunal

ossuary p it is haphazard in nature (Ubelaker 1974), detailed archaeo
logical notes accompanied by photographs would undoubtedly complement
and subsequently increase the amount of biological information ob
tainable.

Furthermore, employing an experienced physical anthro

pologist/skeletal biologist to participate as well as supervise the
burial excavations would also enhance the amount of osteological data
possible upon recovery.

This is especially important i f biological

data derived from ossuary samples are to be u tiliz e d to complement
archaeological information.
Future research concentrating further on developing adult and
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subadult aging techniques that can be applied to fragmentary and/or
isolated specimens is greatly needed.

In addition, i t is hoped that

with continued research in the areas of pre- and postnatal growth
and development, the accuracy of subadult sex determination w ill be
improved, thereby allowing the collection of valuable population
specific growth data.

This, accompanied by the use of other bio

logical stress indicators such as dental asymmetry, enamel hypoplasia
and transverse lines offer new insights into the relationship between
populations and their external environments.

Such new methodologies

have "great potential fo r furthering the reconstruction of past l i f e ways and studying evolutionary processes operative in the past"
(Klepinger and Henning 1976:162).

Optimistically speaking, the

future holds much promise for increasing the usefulness of biological
data derived from ossuary interments.
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Appendix A

Table 10
Location and Type of Burial A rtifac t Recovered

Location

Artifacts

Secti on A, Layer One

One rolled , tubular copper bead

Section A, Layer Four

Four rolled, tubular copper beads
Four discoidal (round) conch
shell beads

Secti on

c, Layer One

Section C, Layer Two

Four rolled, tubular copper beads
One rolled, tubular copper bead

Secti on

c, Layer Three-

One rolled , tubular copper bead

Secti on

c, Layer Four

One rolled, tubular copper bead
One discoidal conch shell bead

Secti on E, Layer One

Two rolled, tubular copper beads

Section F, Layer One

Two rolled, tubular copper beads
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Appendix B
Table 11

Subadult Age Estimations Obtained from Diaphyseal Length Analysis,
Following Sundick (1978) and Merchant and Ubelaker (1977)

Specimen
No.

Diaphyseal
______ Age in Years_____
Length
Merchant/
Bone I.D ._________ mm________ Sundick_______ Ubelaker

0861
0186
1354
0888
3093

le f t
le f t
le f t
le f t
le f t

femur
femur
femur
femur
femur

304
176
188
335
363

8.0 -12.0
2.0 - 3.5
3.5 - 5.5
11.0 -12.0
15.0± 0.5

8.5-10.5
1.5- 3.5
2.5- 3.5
9.5-11.5
14.5-15.5

3621
3097
0216
2995
2580

le f t
le f t
le f t
le f t
le f t

femur
femur
femur
femur
femur

78
148
130
191
70

B 1.25 0.5 3.5 B -

NB 0.50.52.5NB -

0264
1350
0270
3979
1772

right
right
right
right
right

1172
0215
3461
2667
0275

0.5
2.5
1.5
5.5
0.5

0.5
2.5
2.5
3.5
0.5

261
272
203
340
366

6.5
6.5
3.5
11.0
15.0

right femur
right femur
le f t humerus
le f t humerus
le f t humerus

165
150
84
145
170

1.5
1.5
0.5
3.5
5.5

1174
0863
0200
2522
3435

l e f t humerus
right humerus
right humerus
right humerus
right humerus

235
270
210
93
86

12.0
15.0
8.0
0.5
0.5

-15.0 ± .5
± .5
-11.0
- 1.25
- 1.25

10.5-12.5
10.5-12.5
7.5- 9.5
0 .5- 1.5
0 .5 - 1.5

1344
3001
0265
1345
0267

right
righ t
right
right
right

140
309
301
225
215

3.5
15.0
15.0
6.5
5.5

- 5.5
-16.0
-16.0
-10.5
- 8.0

2.5- 3.5
14.5-15.5
14.5-15.5
6 .5- 7.5
5.5- 7.5

femur
femur
femur
femur
femur

humerus
tib ia
tib ia
tib ia
tib ia

- 8.0
-10.5
- 6.5
-12.0
± 0.5

5.5- 7.5
5.5- 7.5
2.5- 3.5
10.5-12.5
14.5-16.5

-

15.00.50.52.54 .5-

3.5
2.5
1.25
4.5
8.0

3.5
3.5
1.5
3.5
6.5
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Table 11 (Continued)

Specimen
No.

Bone I.D .

1175
2428
3724
3623
3300

right
right
right
right
right

0886
1346
1774
2421
1173

le f t
le f t
le f t
le f t
le f t

tib ia
tib ia
tib ia
tib ia
tib ia
tib ia
tib ia
tib ia
tib ia
tib ia

Diaphyseal
Length
mm

Age in Years
Merchant/
Sundick
Ubelaker

215
61
56
62
333

2.5- 4.5
B- 0.5
B- 0.5
B- 0.5
17.0-21.0

1.5- 3.5
NB - 0.5
NB - 0.5
NB - 0.5
17.5-18.5

256
156
309
103
110

8.0-11.0
2.5- 4.5
15.0-16.0
0 .5 - 1.5
0.5- 1.5

7.5-10.5
2.5- 3.5
14.5-15.5
0.5- 1.5
0.5- 1.5
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Appendix C
Table 12

Subadult Age Estimation from Dental Remains

Specimen No.

Identification

Age

4439

right maxilla

9.0±1.0 yrs.

1373

right maxilla

10.0±1.0 yrs.

2865

right maxilla

2.0-3.0 yrs.

1424

right maxilla

2.0-3.0 yrs.

2013

right maxilla

2.0-3.0 yrs.

1146

right maxilla

1.5 yrs.

1988

right maxilla

1.5 yrs.

1147

le f t maxilla

1.5 yrs.

1882

right maxilla

0.5 yrs.

1371

right mandible

9.0 yrs.

1511

le f t mandible

3.0-4.0 yrs.

1516

right mandible

3.0-4.0 yrs.

2813

le f t mandible

3.0-4.0 yrs.

1976

le f t mandible

2.5-3.0 yrs.

2030

right mandible

1.5-2.0 yrs.

4097

right mandible

1.0-2.0 yrs.

1260

anterior mandible

1.0-2.0 yrs.

*Data were provided by Paul S ciu lli and R. Daniel Murray of
Ohio State University.
118

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Appendix D
Table 13

Adult Aging Results Derived from the Analysis of Proximal Femora*

Specimen No.

Approximate Age

0006

44.0 + 2.60 yrs.

0524

44.0 ± 2.60 yrs.

4395

31.4 yrs.

0528

31.4 yrs.

0005

31.4 yrs.

3084

56.0 ± 2.32 yrs.

0255

56.0 ± 2.32 yrs.

0188

44.0 ± 2.60 yrs.

0252

52.6 ± 1.86 yrs.

3090

52.6 ± 1.86 yrs.

4391

31.4 yrs.

*Data derived from adult right femora only.
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Appendix E
Table 14

Adult Aging Results Derived from the Analysis of Proximal Humerii*

Specimen No.

Approximate Age

3790

59.8 + 3.59 yrs.

3715

56.0 + 1.84 yrs.

3078

56.0

+

1.84 yrs.

4281

52.3

+

2.51 yrs.

0021

59.8 ± 3.59 yrs.

0198

52.3

3978

59.8 + 3.59 yrs.

3023

59.8 + 3.59 yrs.

2775

41.1 + 6.60 yrs.

4100

61.0 ± 2.05 yrs.

0269

52.3

+

+

2.51 yrs.

2.51 yrs.

*Data derived from adult le f t humerii only.
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Appendix F
Table 15

Adult Aging Results Obtained from Cranial Suture Closure Analysis

Specimen No.

Approximate Age

0890

40.0-55.0

3573

35.0-45.0

1768

55.0+

2406

35.0-45.0

2407

40.0-55.0

4531

25.0-35.0

0848

25.0-35.0

3782

55.0+

4286

55.0+

1370

35.0-45.0

4406

40.0-55.0

3717

40.0-55.0

0284

35.0-45.0

2790

55.0+

0544

35.0-45.0

1142

40.0-55.0
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Appendix G

Table 16
Recorded Femoral Shaft Circumference (FSC)
fo r LaSalle Adult Right Femora

Specimen No.

FSC*

Sex

0005

89

male

0836

85

male

0255

98

male

0006

90

mal e

0522

91

male

3081

86

male

4395

87

male

0192

82

indeterminate

0194

88

male

0259

82

indeterminate

3084

88

male

4391

88

male

0001

92

male

2410

83

indeterminate

3019

85

male

0528

80

indeterminate

0187

77

female

3090

78

indeterminate

2777

74

female
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Table 16 (Continued)

Specimen No.

FSC*

0002

75

female

0253

75

female

3788

78

indeterminate

0263

75

female

4397

79

indeterminate

3787

87

male

0252

77

female

3073

74

female

0524

79

indeterminate

0188

79

indeterminate

3076

72

female

Sex

♦Recorded in millimeters.
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Appendix H

Table 17
Recorded Femoral Vertical Head Diameters (FVHD) for LaSalle
Adult Right Femora

Specimen No.

FVHD*

Sex

0005

45

male?

0255

50

male

0006

47

male

0522

49

male

4395

48

male

0194

48

male

0192

40

female

3084

45

male?

4391

47

male

0252

45

male?

3073

42

female?

0524

42

female?

0188

43

female

3076

42

female?

0528

48

male

0187

43

female?

3090

45

male?

*Recorded in millimeters.
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Appendix I

Table 18
LaSalle Adult Sex Determination Employing Femoral Shaft
Circumferences (FSC) in Conjunction with Femoral
Vertical Head Diameter (FVHD)

Specimen No.

FVHD*

FSC*

0005**

45

89

male

0192**

40

82

indeterminate

3084**

45

88

male

0252**

45

77

i ndetermi nate

0255

50

98

male

0006

47

90

male

0522

49

91

male

4395

48

87

male

0194

48

87

male

4391

47

88

male

3073**

42

74

female

0524**

42

79

female?

3076**

42

72

female

48

80

i ndetermi nate

0187**

43

77

female

3090**

45

78

indeterminate

0528**

.

Sex

*Recorded in millimeters.
**Those specimens in it ia lly scored as indeterminate or
questionable sex based on FSC or FVHD alone.
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Appendix J
Table 19
LaSalle Adult Sex Determination Based on Cranial Morphology

Specimen
No.

Mastoid Process
Size

Nuchal Crest
Region

Brow
Ri dges

1890

++

++++

+++

3573

+

++

+

1768

+++

+++

+++

male

2406

++

++

+++

male

2407

++

+

+

4531

+

+

+

0848

++

3782

+

+

4286

+++

+++

1370

++

+

+

female

4406

+

++

++

female

++++

+++

female

female
.

++

+

2790

+++

++

+++

++++

4142

+
+ = slight or small
++ = moderate or medium

male

male

+

3544

female

female

0284

*Codes:

male

+++

3717

Sex

male
female
male
male

+

female

+++ = marked or large
++++ = extreme
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Appendix K

Table 20
LaSalle Stature Estimates Obtained for Adult Male and Female
Right Femora Employing the Formulae of Trotter and
Gleser (1952, 1958) and Trotter (1970)

Specimen
No.

Males
Femoral
Length*

Estimated
Stature**

Specimen
No.

Females
Femoral
Length*

0005

456

67.5

0252

455

65.5

0255

477

69.4

3073

428

62.9

0006

489

70.5'

0524

425

62.6

0522

415

63.7

4395

467

68.5

0192

414

63.6

0194

415

63.7

3084

446

66.5

4391

440

66.0

Estimated
Stature**

•

*Data recorded in millimeters.
**Data presented in inches.
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Appendix L

Table 21
LaSalle Platymeric Index Values (PMIV)
Differentiated According to Side

Right__________
Specimen
No.

Left__________

Specimen
PMIV*________________ No.

PMIV*

0006

86.7

3069

75.0

0252

87.9

0258

82.1

3084

84.4

0520

72.2

0005

77.1

0521

73.3

0522

85.7

3071

71.9

4395

73.5

0529

79.3

3073

74.2

0862

69.4

0192

83.3

3716

70.6

0255

75.7

4378

72.7

0524

68.7

0003

72.2

0213

75.8

2408

83.3

3708

72.7

0521

78.1

3019

75.0

2666

78.4

0285

83.9

3092

76.7

0187

77.4

3980

71.0

0214

75.9

0254

80.0

0188

66.7

3792

75.0

3090

73.3

2777

70.0
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Table 21 (Continued)

Left

Riqht
Specimen
No.

PMIV*

2410

77.4

0263

82.1

0259

81.2

3787

72.7

0836

75.0

0002

70.0

Specimen
No.

PMIV*

*PMIV recorded in millimeters.
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Appendix M
Table 22
LaSalle Platycnemic Index Values (PCIV) •

__________ Right_______________________
Left_
Specimen
Specimen
No.
__________ PCIV*________________ No._______________ PCIV*
4392

53.8

0525

58.8

3074

70.0

2776

56.4

2764

75.0

0885

75.0

1771

65.6

1270

60.6

0860

50.0

4283

70.0

3000

72.4

0194

70.0

0523

60.5

4090

64.5

3082

51.4

3085

63.6

0008

73.3

3072

63.6

3100

66.7

2409

80.0

1029

55.3

4393

56.4

4399

68.8

3070

47.4

3083

61.3

0876

56.4

4388

65.5

4139

61.8

0197

63.3

2999

64.5

0257

78.1

4091

52.6

1769

60.0

0262

62.5
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Table 22 (Continued)

Right
Specimen
No.

Left
PCIV*

Specimen
No.

PCIV*

0201

66.7

2774

60.0

0209

66.7

0874

62.9

*PCIV recorded in millimeters.
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Appendix N

Table 23
LaSalle Platymeric Index Values (PMIV)
Differentiated According to Sex*

Female

Male
Specimen
No.

PMIV

Specimen
No.

PMIV

0006

86.7

0252

87.9.

3084*

84.4

3073

74.2

0005

77.1

0524*2

68.7

0522

85.7

3076

76.6

4395

73.5

0187

77.4

0192*1_

83.3

0188*2

66.7

0255

75.7

0553

66.7

2410*1

77.4

3090

73.3

0259*1

81.2

2777

70.0

3787

72.7

0263

82.1

0836

75.0

0002

70.0

♦Platymeric index values are recorded in millimeters; data
presented is for right femora only.
♦^Questionable male.
^Questionable female.
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